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Abstract 
Background: Increased body fatness along with other conditions typical of the metabolic syndrome 
(MetS) such as insulin resistance have become more prevalent in Qatar due to rapid transitions in the 
Qatari’s population lifestyle in the last few decades. The government of Qatar is seeking to improve the 
publics’ health; however, epidemiological studies on Qataris are limited.  
Aims: This research aims to 1) describe the features of the MetS and its determinants among a sample 
of Qataris, 2) explore the difference between four obesity subgroups regarding selected factors of 
metabolic health and 3) investigate the association of total and central body fatness indices with C-
peptide and glycated haemoglobin A1c (HbA1c) as insulin sensitivity biomarkers and with fibrinogen as a 
biomarker of inflammation. 
Methods: This is a cross-sectional study of 879 Qatari men and women from the Qatar Biobank pilot 
phase. The MetS prevalence was estimated using the National Cholesterol Education Programme Adult 
Panel III (NCEP ATPIII), International Diabetes Federation (IDF) and the harmonised criteria. Metabolic 
health status for the four obesity subgroups (metabolically-healthy normal weight, metabolically-
abnormal normal weight, metabolically-healthy obese and metabolically-abnormal obese) was identified 
using the harmonised guidelines. Multiple linear regression analyses were conducted to test the relation 
of the obesity indices (including body mass index, body fat percentage, waist circumference (WC) and 
waist-hip ratio) to C-peptide, HbA1c and fibrinogen. 
Results: The prevalence of the MetS was 18.4% (NCEP ATPIII), 27.0% (IDF), and 28.9% (harmonised 
definition). Central obesity was the most prevalent determinant of the MetS. There were significant 
differences in multiple factors of metabolic health for each of the four obesity subgroups. There were 
strong positive associations between the examined obesity indices and C-peptide, HbA1c and fibrinogen. 
WC had the strongest positive association with C-peptide, HbA1c and fibrinogen compared to the other 
examined body fatness indices.  
Conclusions: The current findings suggest that future interventions should target reducing WC in 
Qataris. The four obesity subgroups differed significantly regarding multiple factors of metabolic health; 
this implies that they might need to be treated differently. More epidemiological studies are needed to 
aid the Qatari government in their decision making to improve the publics’ health. 
Keywords: Qatar Biobank, obesity, metabolic syndrome, obesity subgroups, C-peptide, HbA1c and 
fibrinogen. 
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Overall plan of the thesis. 
The prevalence of obesity has reached an epidemic level among Qataris. In addition to obesity, other 
cardiovascular disease (CVD) risk factors including diabetes and the metabolic syndrome (MetS) are 
known to be high among Qataris. Inflammation indicated by the level of fibrinogen is another risk factor 
for CVD; however, little is known about it among Qataris. Generally, epidemiological studies among 
Qataris are limited. This cross-sectional research aims to describe selected characteristics of the Qatari 
participants of the Qatar Biobank (QBB) pilot phase and to investigate the features of the MetS and its 
determinants among them. Furthermore, different subgroups of obesity were explored regarding 
specified factors related to metabolic health. The subgroups were defined as metabolically-healthy 
normal weight (MHN), metabolically-abnormal normal weight (MAN, metabolically-healthy obese 
(MHO) and metabolically-abnormal obese (MAN) subjects. Additionally, the association of multiple body 
fatness indices [body mass index (BMI), body fat percentage (BF%), waist circumference (WC) and waist-
hip (W-H) ratio] with insulin sensitivity [C-peptide and glycated haemoglobin A1c (HbA1c)] and 
inflammation (fibrinogen) biomarkers was examined. It is hoped that the results of this study will guide 
further studies on the aetiology and control of these CVD risk factors.  
This thesis was organised in four parts. The first part included background information from the 
literature related to the topics of this research and is presented in chapters 1 to 5. More specifically, 
chapter 1 discusses the epidemiology and burden of obesity along with the association of obesity with 
morbidities.  Chapter 2 discusses the MetS and its association with morbidities. Chapter 3 discusses the 
specified obesity subgroups. Chapter 4 discusses insulin sensitivity with regard to C-peptide and HbA1c 
as biomarkers and their association with obesity and other morbidities. Chapter 5 discusses fibrinogen 
as a biomarker of inflammation and its association with obesity and other morbidities. The last chapter 
in part 1 (chapter 6) includes the various aims of the thesis along with specific objectives for each aim. 
 
The second part of this thesis includes a description of the QBB project study design, and development 
(chapter 7), and the methods employed to achieve the aims and objectives of the proposed research 
study (chapter 8). The third part is dedicated to my involvement in conducting the pilot phase study for 
the QBB (chapter 9) and presents the results along with relevant discussion (chapters 10 to 15). The 
overall discussion and conclusions are presented in the fourth part of the thesis (chapter 16).  
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PART 1 
BACKGROUND 
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CHAPTER 1: Body fatness. 
 
1.1. Definitions and classifications. 
Overweight and obesity are defined by the World Health Organisation (WHO) as excessive or abnormal 
body fat accumulation that may harm health (WHO, 2000). Multiple classifications of overweight and 
obesity have been proposed for adults. One of the popular population-level methods to classify total 
body fatness is by using BMI. It is a measure of weight divided by the square of height (WHO, 2000). A 
person with a BMI of <18.5 kg/m2 is classified as underweight. Healthy or normal weight includes a BMI 
equal to 18.5 kg/m2 up to 24.9 kg/m2, overweight includes a BMI from 25 kg/m2 up to 29.9 kg/m2 and 
obese includes a BMI of 30 kg/m2 or greater (WHO, 2000). The BMI classification is the same for both 
genders and for all ages above 18 years. Nevertheless, the exact BMI figure does not necessarily 
correspond to the same level of fatness in different subjects; therefore, it is considered as a rough guide. 
  
Another method to classify total body fatness is measuring BF%; however, it is less used than BMI. Bio-
impedance measurement devices or dual-energy X-ray absorptiometry (iDEXA) scan devices can be used 
to measure BF%. In several studies, a man / woman was considered obese if his / her body fat 
percentage was ≥25% / ≥35%, respectively (Deurenberg et al, 2001; Grundy, 2004; Okorodudu et al, 
2010; Phillips et al, 2013a). However, currently there is no published scientific validation for these 
figures to be used as universal cutoff points for obesity (Ho-Pham et al, 2011). The American Council on 
Exercise (2009) has provided gender-specific ranges of BF% for different categories (Table 1). The first 
category is essential fat, which is the level of body fat needed by the body to function normally 
physically and physiologically (men: 2-5% and women: 10-13%). The second category represents the 
BF% in athletes (men: 6-13% and women: 14-20%). The third category is called fitness; it includes 
subjects with low BF% but higher levels of body fat than what is found in athletes (men: 14-17% and 
women 21-24%). The fourth category includes subjects with average level of BF% (men: 18-24% and 
women 25-31%). The last category includes obese subjects (men: ≥25% and women ≥32%). 
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Table 1. Percent body fat by gender. 
Description Men Women 
Essential fat 2 – 5% 10 – 13% 
Athletes 6 – 13% 14 – 20% 
Fitness 14 – 17% 21 – 24% 
Average 18 – 24% 25 – 31% 
Obese ≥ 25% ≥32% 
The information is from the American Council on Exercise (2009). 
 
WC and W-H ratio are used to indicate central body fatness (WHO, 2008a). The cutoff points of central 
obesity are ethnicity and gender dependent. Table 2 shows the standard cutoff points for several ethnic 
groups. The global INTERHEART study showed that abdominal obesity was a much more powerful 
determinant of morbidity than BMI in many ethnic groups around the world (Yusuf et al, 2005). Central 
obesity is an important factor of the MetS, a cluster of multiple metabolic abnormalities including 
hyperglycemia, hypertension, and dyslipidemia. Moreover, central obesity is associated with the 
different metabolic abnormalities that characterise the MetS (Alberti et al, 2006). The MetS will be 
discussed further in chapter 2.  
 
Table 2. Waist circumference cutoff points for different ethnic groups.  
Ethnicity Gender Cut off points 
Europeans  Male 
Female 
≥ 94 cm 
≥ 80 cm 
United States Americans Male 
Female 
>102 cm 
> 88 cm 
Chinese and South Asians Male 
Female 
≥ 90 cm 
≥ 80 cm 
Japanese Male 
Female 
≥ 90 cm 
≥ 85 cm 
South and Central Americans Male 
Female 
Use South Asian standards until 
more data is available 
Eastern Mediterranean and the 
Middle East  
Male 
Female 
Use European standards until more 
data is available in Arab populations 
Sub-Saharan Africans Male 
Female 
Use European standards until more 
data is available  
The information is from Alberti et al (2006) 
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1.2. Obesity epidemiology. 
Excess body weight has become a worldwide epidemic. In 2014, the global prevalence of obesity 
elevated by more than double the figure in 1980 (WHO, 2015). The WHO estimated that in 2014 the 
total number of overweight individuals, aged 18 years and above, was over 1.9 billion worldwide and 
more than 600 million adults were classified as obese (WHO, 2015, Ng et al, 2014). Moreover, in 2014, 
approximately 39% of the world’s adults above 18 years old (38% of men and 40% of women) were 
overweight and 13% (11 % of men and 15% of women) were obese (WHO, 2015). Despite efforts by the 
WHO to promote healthier lifestyles and an attenuation of obesity in some developed countries, the 
global prevalence of obesity is expected to continue rising (Ng et al, 2014). 
 
The prevalence of overweight and obesity are distinct in each region. It has reached high rates in Islands 
of the Pacific and the Caribbean, the Middle East and Central and North America (Ng et al, 2014; and 
James et al, 2001). In the United States of America (USA), the prevalence of obesity among adults raised 
from 15% to 33% between 1980 and 2004 (Ogden et al, 2006). More recent data suggests that 65% of 
adults in the USA are overweight and 30% are obese (Flegal et al, 2010). In England, between 1993 and 
2002, there was about a 12% increase in the prevalence of obesity among women aged 25-35 years 
(Rennie and Jebb, 2005). A high prevalence of overweight and obesity among the populations of the 
Gulf Co-operation Council of the Arab States (GCC) has also been reported (Alhyas et al, 2011). The GCC 
countries include Qatar, Kuwait, Oman, Bahrain, The Kingdom of Saudi Arabia and The United Arab 
Emirates (UAE). The systematic review of Alhyas and colleagues (2011) suggested that the prevalence of 
overweight and obesity among the GCC adults ranged from 25% to 50% and from 13% to 50%, 
respectively.  
The prevalence of obesity varies among different ethnicities. In a nationally representative sample of the 
USA, 5,555 subjects from the 2007-2008 National Health and Nutrition Examination Survey (NHANES) 
cohort were utilised to study the prevalence of obesity among various ethnic backgrounds. The 
prevalence of obesity among non-Hispanic Whites was 32.8%, among Mexican Americans was 39.3% 
and among African Americans was 44.1% (Flegal et al, 2010). In a multiethnic study conducted among 
the UAE population, the highest mean BMI was among Egyptian males and females, whereas, the lowest 
mean BMI was among South Asians (Malik and Abdul Razig, 2008).  
For the different ethnic groups, the same BMI or WC may not represent the same level of risk of 
cardiovascular and metabolic diseases. Asians with a low WC tend to be at higher risk than Europeans of 
the same waist size (Ogden et al, 2007, James et al, 2001).  
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The prevalence of obesity tends to increase with age due to the physiological alteration that occurs in 
body composition along with the reduction in physical activity among older individuals; therefore, 
younger individuals tend to have a lower BF% than older individuals (Ogden et al, 2007). A systematic 
review of the literature between 1990 and 2007 by Kelly and colleagues (2008) indicated a positive 
trend between obesity and age up to the 60 - 69 year old age group. A similar pattern was found in a 
more recent systematic review of 188 countries worldwide by Ng and colleagues (2014). It was reported 
that in developed countries, overweight and obesity peaked in men who were about 55 years old, 
whereas, in women it peaked at about 60 years old. In developing countries, the highest rate of 
overweight and obesity is at age 45 years for men and 55 years for women (Ng et al, 2014).  
A systematic review by Kelly and colleagues (2008) stated that the prevalence of obesity was higher 
among females compared to males in all world regions. Another large systematic review of studies 
conducted from 1980 to 2013 identified that obesity was consistently higher in women compared to 
men in developed and developing countries (Ng et al, 2014). Similarly, among the Middle Eastern 
population, obesity is more prevalent among women, whereas, overweight is more prevalent among 
men (Musaiger, 2011; and Ng et al, 2011). Women are characterised by a higher BF% than men with the 
same BMI because women’s bodies tend to have less lean muscle mass and store more fat in the 
subcutaneous tissue, whereas men’s bodies tend to store more fat in the visceral tissue (Lemieux et al, 
1993). The additional lean muscles in men are metabolically active and responsible for increasing the 
basal metabolic rate in men (James et al, 2001). 
 
1.3. Determinants of obesity.  
Obesity is caused by some well-known complex factors and others that are less understood (Ogden et al, 
2007). The association between obesity and its risk factors may differ in each region depending on 
genetic, cultural and environmental elements (WHO, 2015). However, the fundamental cause of excess 
body fat is energy imbalance between calorie consumption and energy expenditure (WHO, 2015).  
Excess intake of saturated fat and a high calorie diet as well as the lack of physical activity are two of the 
main risk factors for elevated BMI (World Cancer Research Fund/ American Institute for Cancer 
Research, 2007; and Musaiger, 2011). Information from the 2003 Canadian Community Health Survey, 
which consists of more than four million participants from Toronto and Vancouver, was utilised to study 
the association of individual determinants of overweight and obesity (Pouliou and Elliott, 2010). For 
example, individuals with higher physical activity levels had lower BMI by 0.15 kg/m2 in the Toronto 
cohort compared to physically inactive individuals. Moreover, in the Vancouver cohort, subjects 
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identified by high-energy expenditure were characterised by 0.11 kg/m2 lower BMI compared to 
subjects with low energy expenditure (Pouliou and Elliott, 2010).  
The GCC population is characterised by a sedentary lifestyle and a high prevalence of overweight and 
obesity. For example, the high prevalence of overweight and obese individuals in Saudi Arabia and UAE 
are primarily attributed to physical inactivity (Badrinath et al, 2002). A high prevalence of physical 
inactivity was reported in Saudi Arabia (96%) (Al-Nozha et al, 2007) and among Emirati men and women 
(58% and 75%, respectively) (Badrinath et al, 2002).  
Another factor inversely associated with body fatness is smoking. Among the NHANES II study, current 
smokers had a lower mean BMI compared to nonsmokers (current smokers mean BMI = 24.6 (±0.1) 
kg/m2 and nonsmokers mean BMI = 25.7 (±0.1) kg/m2) (Albanes et al, 1987). Similarly, The Diverse 
Population Collaboration study (2004), which includes results from 21 observational studies of different 
ethnicities, reported that smokers had a lower BMI compared to nonsmokers. The average difference 
between smokers and nonsmokers was 0.97 kg/m2 (95% Confidence Interval (CI) = 0.82-1.13) for men 
and 1.38 kg/m2 (95% CI = 1.19-1.58) for women. 
Body size is also inversely associated with socioeconomic status and education level (Ogden et al, 2007 
and Monteiro et al, 2004). Individuals of low socioeconomic status tend to consume fast food and some 
types of processed meat more frequently because it is cheaper than a diet that is considered healthy. 
Differences in BMI across different education levels was identified among the 2003 Canadian 
Community Health Survey, subjects in the lowest education level group (less than high school) were 
characterised by 1.02 kg/m2 and 1.18 kg/m2 higher BMI compared to subjects with University degrees in 
the Toronto and Vancouver cohorts, respectively (Pouliou and Elliott, 2010). 
1.4. Obesity and mortality. 
Globally, overweight and obesity are leading risks for death, with around 3.4 million adult deaths 
annually due to being overweight or obese (WHO, 2015). Excess weight is linked to more deaths 
worldwide compared to underweight, particularly in high-income and most of the middle-income 
countries (WHO, 2015). A systematic review and meta-analysis of 97 studies from different regions 
worldwide consisting of a combined sample size of over 2.88 million subjects and more than 270,000 
deaths, showed that obesity was associated with a significantly higher all-cause mortality relative to 
normal weight individuals (Hazard ratio (HR) = 1.18, 95% CI = 1.12-1.25) (Flegal et al, 2013). Whitlock 
and colleagues, from the prospective studies collaboration (2009), studied the association of BMI with 
overall and cause-specific mortality by assessing 57 different prospective studies mainly from Western 
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Europe and North America; the total number of subjects was 894,576 men and women. After 
adjustment for age, sex, smoking and cohort, the category with normal BMI had the lowest mortality 
rate. Each 5 kg/m2 increase in BMI was associated with 30% higher total mortality, 40% for vascular 
mortality, 60% - 120% for diabetic, hepatic and renal mortality, and 20% for respiratory and other 
mortalities (Whitlock et al, 2009).  
 
In addition to BMI, abdominal obesity indicators were also associated with mortality. In a study 
conducted among 359,387 participants from nine European countries of the European Prospective 
Investigation into Cancer and Nutrition (EPIC), individuals in the highest quintile of WC had a higher risk 
of death (relative risk (RR) among men = 2.05, 95% CI=1.80 to 2.33; RR among women= 1.78 (95% CI = 
1.56 to 1.84) compared to those in the lowest quintile (Pischon et al, 2010). In the same study, men and 
women in the highest quintile of W-H ratio also had an increased risk of death (men: RR=1.68, 95% CI = 
1.53 to 1.84; women: RR= 1.51, 95% CI = 1.37 to 1.66) relative to subjects in the lower quintile of W-H 
ratio. 
 
1.5. Obesity and morbidity. 
The risk of developing various non-communicable diseases such as CVD, hypertension, dyslipidemia, 
diabetes and some cancers is associated with excess weight. More specifically, 23% of the global 
ischemic heart disease burden, 44% of the diabetes burden and 7% to 41% of the burden of specific 
cancers is related to overweight and obesity (WHO, 2015).  
 
1.5.1. Obesity and cardiovascular diseases. 
Obese individuals are at higher risk of developing CVD compared to normal weight individuals. This 
finding has been consistent in epidemiological studies (McQuigg et al, 2008; Seidell, 1997; and Rim et al, 
1995). For instance, the Counterweight Project team (McQuigg et al, 2008) examined the association of 
obesity with multiple CVD outcomes among 6,150 obese and 1,150 age- and gender- matched normal 
weight controls. It was found that the odds ratio (OR) for CVD elevated with increasing BMI categories 
reaching an OR of 4.48 (P<0.001) among men with a BMI of 37.5 to <40 kg/m2 and an OR of 3.98 
(P<0.001) among women with a BMI ≥40 kg/m2 compared to their normal weight counterparts. Another 
study by Rim et al (1995) reported that the RR for coronary heart disease among men younger than 65 
years increased as their BMI rose; the RR was 1.72 times higher (95% CI= 1.10-2.69) in overweight men 
with a BMI of 25-28.9 kg/m2, 2.61 times higher (95% CI = 1.54-4.42) among obese men with a BMI of 
29.0-32.9 kg/m2, and 3.44 times higher (95% CI = 1.67-7.09) among men with a BMI of ≥33 kg/m2 
compared with lean men (BMI <23.0 kg/m2) (Rim et al, 1995).  
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According to a study by the Emerging Risk Factors Collaboration (Wormser et al, 2011), in subjects with 
a BMI ≥20 kg/m2, the HR for CVD increased by 1.23 (95% CI= 1.17-1.29) per 4.56 kg/m2 higher BMI, by 
1.27 (95% CI= 1.20-1.33) per 12.6 cm higher WC and by 1.25 (95% CI= 1.19-1.31) per 0.083 higher W-H 
ratio when adjusted for age, gender and smoking. Further adjustments for systolic blood pressure (SBP), 
history of diabetes and total and high-density lipoprotein (HDL) attenuated the HRs for BMI, WC and W-
H ratio, suggesting that obesity indicators did not improve CVD risk prediction among the studied cohort 
when the additional adjustments were made (Wormser et al, 2011). A possible explanation for this 
finding could be because the relation of obesity to CVD is mediated through the traditional risk factors 
such as dyslipidemia, hypertension and impaired glucose tolerance (Eckel, 1997).  
 
1.5.2. Obesity and hypertension. 
The association between obesity and hypertension has been recognised for a long time (Kannel et al, 
1967). Overweight and obese subjects are at higher risk of developing hypertension compared to normal 
weight individuals. Among the USA adults who participated in the NHANES in 1999-2004, the prevalence 
of hypertension increased with elevated BMI (Ong et al, 2007). In the Counterweight project study by 
McQuigg and colleagues (2008), the prevalence of hypertension was positively associated with BMI in 
both genders. Relative to normal weight subjects, men with a BMI of 27.5 to <30 kg/m2 had 2.16 (95% CI 
= 1.36-3.43, P<0.001) higher odds of developing hypertension; increasing steadily to 5.51 (95% CI= 3.32-
9.15, P<0.001) times higher in men with a BMI of ≥40 kg/m2 (McQuigg et al, 2008). The study by 
MaQuigg and colleagues showed similar findings for women.  
Obesity contributes to the progression from a normotensive phenotype to hypertensive status via 
interaction of several factors including genetic, dietary, behavioral and environmental factors (DeMarco 
et al, 2014). A population-based study reported that future weight gain was significantly higher among 
hypertensive subjects compared to those who were normotensive (Kannel et al, 1967). 
1.5.3. Obesity and dyslipidemia. 
Dyslipidemia is defined as abnormal levels of circulating lipids including low-density lipoprotein (LDL), 
HDL, and triglyceride (TG). Findings from multiple national surveys reported that dyslipidemia is a very 
common comorbidity associated with body fatness, and increases substantially with elevated body 
fatness (Bays et al, 2013). Obesity is positively associated with TG and inversely with HDL in several 
epidemiological studies; however, the association of obesity with LDL is less consistent (Hu et al, 2011; 
Despres et al, 1990). For instance, information on 739 non-diabetic men and 773 non-diabetic women 
 26 
from the Strong Heart Study was utilised to identify the correlation between BMI and WC with TG, HDL 
and LDL (Hu et al, 2011). After adjustment for geographic centre and age, TG increased significantly with 
BMI in men (r = 0.30, P <0.001) but not in women; moreover, TG increased significantly with WC in both 
men (r = 0.30, P <0.001) and women (r = 0.14, P <0.001). In the same study, HDL decreased significantly 
with BMI in both men (r = - 0.35, P <0.001) and women (r = - 0.24, P <0.001); furthermore, HDL was 
inversely correlated with WC in men (r = - 0.36, P <0.001) and women (r = - 0.23, P <0.001). Hu and 
colleagues (2011) reported that LDL was significantly inversely associated with WC in women only (r = - 
0.11, P <0.001). 
 
1.5.4. Obesity and diabetes. 
Obesity is a well-established risk factor for type II diabetes mellitus (Seidell, 1997). Overweight and 
obesity have been estimated to account for around 65% - 80% of new cases of type II diabetes according 
to large prospective studies (Seidell, 1997). A study by Field et al (2001) reported that overweight (BMI 
of 25–29.9 kg/m2) individuals had about three times higher risk of developing type II diabetes during 10 
years compared to normal weight (BMI of 18.5–24.9 kg/m2) individuals (men: RR= 3.5, 95% CI = 2.9-4.1, 
women: RR= 4.6, 95% CI =3.9-5.4). The same study also reported that subjects with a BMI of ≥35 kg/m2 
had an even higher risk (men: RR = 23.4, 95% CI= 19.4-33.2 and women: RR = 17.0, 95% CI = 14.2-20.5) 
of developing type II diabetes compared to normal weight subjects. Recently, the EPIC-InterAct case-
cohort study, investigated the contributions of WC and BMI to type II diabetes incidence among 12,403 
cases and 16,154 controls from 26 different centres across eight different European countries. The 
findings showed an independent and strong association for both BMI and WC with type II diabetes 
(Langenberg and the InterAct Consortium, 2012). In the same study, WC showed a stronger association 
with the risk of type II diabetes in women than in men. Langenberg et al (2012) reported that among 
individuals with a BMI ≥35 kg/m2 and a high WC (>102 cm for men and >88 cm for women) compared to 
normal BMI and normal WC (<102 cm and <88 cm) subjects, the risk of type II diabetes was significantly 
elevated in men (HR=22.0, 95% CI = 14.3-33.8) and women (HR=31.8, 95% CI = 25.2-40.2). The 
Counterweight Project reported that both men and women with a BMI 30 to <32 kg/m2 had an 
increased risk of type II diabetes (OR=2.51, 95% CI = 1.49-4.23, P=0.001; OR=3.10, 95% CI = 1.76-5.46, 
P<0.001, respectively); moreover, among those with a BMI ≥40 kg/m2, the risk was even higher 
(OR=6.16, 95% CI = 3.22-11.79, P<0.001 for men; OR=7.82, 95% CI = 4.29-14.23, P<0.001 among women) 
(McQuigg et al, 2008). 
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1.5.5. Obesity and cancer. 
The World Cancer Research Fund/ American Institute for Cancer Research report (2007) indicated that 
the literature provides convincing evidence about the relationship between increased body fatness and 
cancers of the pancreas, esophagus, colorectum, endometrium, breast (postmenopausal) and kidney; 
moreover, weaker evidence was indicated for gallbladder and liver cancers. In the Million Women study 
(Reeves et al, 2007), relative to normal weight women, overweight (BMI ≥27.5-29.5 kg/m2) and obese 
(BMI ≥30 kg/m2) women had an increased risk of endometrial cancer (RR=1.43, 95% CI= 1.29 to 1.58; 
RR=2.73, 95% CI= 2.55 to 2.92, respectively). In addition, overweight and obese women (excluding those 
who used hormone replacement therapy) had an increased risk of post-menopausal breast cancer 
(RR=1.21, 95% CI= 1.13 to 1.29; RR=1.29, 95% CI= 1.22 to 1.36, respectively) compared to normal weight 
women (Reeves et al, 2007). In the literature, there is a convincing association between obesity and 
colorectal cancer among men (International Agency for Research on Cancer, 2002). In their 2011 
updated report, the World Cancer Research Fund/ American Institute for Cancer Research report (2011) 
indicated that convincing evidence about the association of obesity with colorectal cancer has been 
identified in women but it is weaker than that identified among men. The World Cancer Research Fund/ 
American Institute for Cancer Research (2014) also stated that increased body fatness in men is 
associated with an elevated risk of developing aggressive prostate cancer. A prospective study of 
129,502 men, who were observed for 8.5 years, supported the statement from The World Cancer 
Research Fund/ American Institute for Cancer Research by reporting that WC and W-H ratio were 
positively related to risk of advanced prostate cancer (RR per 5 cm WC =1.06, 95% CI = 1.01-1.1; RR per 
0.1-unit-higher W-H ratio = 1.21, 95% CI= 1.04-1.39) (Pischon et al, 2008). 
 
It was suggested that obesity is the second most important avoidable cause of cancer after smoking 
(Branca et al, 2007). Therefore, countries that are characterised with a high incidence of obesity-related 
cancers should focus on controlling and reducing the prevalence of obesity as a major public health 
priority in order to decrease the risk of developing cancers.  
 
1.6. Obesity among Qataris. 
According to Bener et al (2004), the prevalence of overweight and obesity among Qatari men in 2003 
was 34.4% and 34.6%, respectively; moreover, about 33.0% of Qatari women were overweight and 
45.3% were obese. A more recent national surveillance study (STEPs report) carried out by the Supreme 
Council of Health (SCH), Qatar Statistic Authority and other collaborators indicated that 70.1% of the 
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Qataris were overweight (≥25 kg/m2) (71.8 % for men and 68.3% for women) and 41.4 % were obese 
(≥30 kg/m2) (39.5 % for men and 43.2% for women) in 2012 (Haj Bakri and Al-Thani, 2013).  
Epidemiological studies regarding obesity in Qataris are limited. Among those published, a case-control 
study of 334 diabetics and 344 controls was conducted to predict risk factors associated with diabetes 
among Qataris (Bener et al, 2005); this study found that obesity was more common among cases 
compared to controls (53.8% versus 41.1%, respectively, P<0.001). In addition, BMI was positively 
associated with increased diabetes risk (OR = 1.41, 95% CI = 1.12-1.76). More studies of obesity are 
needed among Qataris, especially after the high prevalence of obesity and diabetes that was reported in 
the recent STEPs report (Haj Bakri and Al-Thani, 2013). 
1.7. Summary. 
Body fatness can be measured using different indices including BMI, BF%, WC and W-H ratio. Obesity is 
a worldwide epidemic and its prevalence is expected to continue rising in the coming years. The 
prevalence of obesity is distinct in each region and it varies among different ethnicities, increases with 
age and is higher among females compared to males. Several risk factors were identified for obesity 
including high intake of energy-dense diet, physical inactivity, smoking, socioeconomic status and 
education level. Excess body weight is positively associated with higher risk of mortality and morbidity 
such as CVD, hypertension, dyslipidemia, diabetes and some types of cancer.   
Generally speaking, a high prevalence of obesity has been identified among the Qatari population. 
However, epidemiological studies on body fatness among the Qatari population are limited, hence, 
more comprehensive studies are needed. 
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CHAPTER 2: The metabolic syndrome  
 
2.1. The metabolic syndrome definitions. 
There has been much research about the MetS in the last few decades. The MetS is a clustering of 
clinical outcomes such as hyperglycemia, abnormal levels of HDL and TG, raised blood pressure and 
central obesity that occur together more frequently than would be expected by coincidence, for which 
the reason is inconclusive. Over the years, the constellation of these clinical outcomes has had several 
labels including Raven syndrome, syndrome X, the deadly quartet and insulin resistance syndrome. The 
descriptions of these labeled syndromes may differ by various factors that constitute the syndrome or 
criteria used; however, they all described a similar abnormal metabolic phenotype. Despite several 
labels in the past, currently the term MetS is used universally.  
 
In 1999, the WHO consultation panel proposed a set of criteria to develop an internationally accepted 
definition for the MetS and provided a diagnostic tool for researchers and clinicians. The WHO 
guidelines for defining the MetS included diabetes or glucose intolerance or impaired glucose tolerance 
and/ or insulin resistance as an obligatory component, plus 2 or more of the following components: 1) 
SBP ≥140 mmHg and diastolic blood pressure (DBP) ≥90 mmHg, 2) TG ≥1.7 mmol/L, 3) HDL <0.9 mmol/L 
for men and <1.0 for women, 4) W-H ratio of >0.90 for men and >0.85 for women, 5) albumin-creatinine 
ratio of ≥30 mg/g or urinary albumin excretion rate ≥20 μg/min (Table 3) (WHO, 1999). 
 
Since the proposition of the WHO about the MetS definition was made, several working groups and 
associations added edits on the definition along the years. Table 3 shows several MetS definitions that 
were proposed so far. The European Group for the Study of Insulin Resistance (EGIR) commented on the 
WHO definition and provided an edited version (Balkau and Charles, 1999). As new information about 
the different components of the syndrome became available in 2001, the National Cholesterol 
Education Programme’s Adult Treatment Panel III (NCEP ATPIII) proposed a definition that is different 
from the previous definitions of the WHO and EGIR by not being glucose-dependent, and included 
hyperglycemia as of equal importance with the other factors in making the diagnosis (Expert Panel on 
Detection, Evaluation and Treatment of High Blood Cholesterol in Adults, 2001). The NCEP ATPIII 
definition was then updated by the American Heart Association (AHA) in corporation with the National 
Heart, Lung and Blood Institute (NHLBI) that recommended to reduce the fasting glucose threshold and 
to include patients on treatment for diabetes, hypertension and dyslipidemia (Grundy et al, 2005). In 
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2003, the American Association of Clinical Endocrinologists (AACE) proposed a position statement 
without providing a specific definition of the MetS in order to allow the diagnosis to be based on clinical 
judgment (Einhorn et al, 2003). In 2005 another definition was proposed by a group of experts of the 
International Diabetes Federation (IDF) in an attempt to unify the proposed criteria and provide a 
suitable tool for use in clinical practice globally; moreover, another aim from the MetS definition was to 
identify individuals at increased risk of developing diabetes or CVD (Alberti et al, 2006). The IDF 
definition was in agreement with the updated NCEP ATPIII criteria, except that abdominal obesity cutoff 
points were ethnicity dependent and this was considered a main requirement for the IDF criteria.   
 
All of the proposed criteria mentioned in Table 3 are in agreement to include the following components 
in the MetS definition: 1) obesity indicator, 2) impaired glucose metabolism / hyperglycemia, 3) 
atherogenic dyslipidemia and 4) hypertension. The disagreements between the definitions are in the 
clinical cutoff points of some of the components, for example, the NCEP ATPIII definition requires lower 
cutoff points for hypertension compared to the WHO definition. Another disagreement is that some 
definitions have a specific component that is obligatory to meet the definition, whereas others do not. 
For instance, the IDF definition requires central obesity as an obligatory component, which is not the 
case for the NCEP ATPIII definition.  
 
The usage of different definitions of the syndrome in studies has made it difficult for comparing the 
impact and prevalence between these different studies; therefore, in 2009, a harmonised definition was 
proposed by the IDF, AHA, NHLBI, World Heart Federation, International Atherosclerosis Society and 
International Association for the Study of Obesity (Alberti et al, 2009). The harmonised definition 
required three out of five risk factors without having an obligatory component. These factors were HDL 
<1.0 mmol/L for men and <1.3 for women, TG ≥1.7 mmol/L, SBP ≥130 mmHg and DPB ≥85 mmHg, 
fasting glucose ≥5.6 mmol/L and ethnicity dependent abdominal obesity. It was agreed that the central 
obesity threshold should be specific for each ethnicity as in Table 2. The harmonised definition also 
considered if the subject was on treatment for dyslipidemia, hypertension and glucose (Table 3). 
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Table 3. Different definitions of the metabolic syndrome. 
$ 
Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults (2001), 
$$
 Grundy et al (2005).
 §
 Measured under hyperinsulinaemic euglycaemic 
conditions (glucose uptake less than the lowest quartile for the background investigated population), 
§§
 defined as hyperinsulinemaemia: the top 25% of fasting insulin values 
among non-diabetic individuals, 
§§§
 Ethnicity specific. * The initial value of fasting glucose was 6.1 mmol/L; however, it was changed based on the American Diabetes Association 
updated definition of impaired fasting glucose (Grundy et al, 2004). ** Being on treatment for diabetes, hypertension and dyslipidemia components were added to the NCEPATPIII 
MetS definition by the American heart association and the National Heart, Lung and Blood Institute in 2005 (Grundy et al, 2005). *** The definition acknowledged that lower 
thresholds were appropriate for subjects with clinical evidence of insulin resistance or individuals of certain ethnicities known for high prevalence of insulin resistance. **** These 
factors were considered to increase the likelihood of the MetS being present.  
Abbreviations: AACE= American Association of Clinical Endocrinologist, BMI = Body Mass Index, CVD= cardiovascular diseases, EGIR= European Group for the Study of Insulin 
resistance, HDL= High density lipoprotein cholesterol, IDF= International Diabetes Federation, kg/m
2
= kilogram per meter squared, mg/dl= milligram per deciliter, mg/g = 
milligram per gram, mmol/L= millimol per mol, mmHg = millimeter mercury, μg/min = microgram per minutes, NCEP ATPIII= National Cholesterol Education Programme’s Adult 
Treatment Panel III, 2H-OGT= 2 hours oral glucose tolerance test, PCOS = Polycystic ovarian syndrome and WHO= World health organisation. 
Criteria WHO  
(WHO, 1999) 
EGIR 
 (Balkau and Charles, 
1999) 
NCEP ATP III  
(2001)$  and  
updated in (2005)$$ 
AACE  
(Einhorn et al, 2003) 
IDF  
(Alberti et al, 2006) 
Harmonised 
Definition 
 (Alberti et al, 2009) 
Number of risk 
factors 
Diabetes or glucose 
intolerance, impaired 
glucose tolerance and/ or 
insulin resistance§ plus 2 
or more of the following:  
Insulin resistance§§ plus 3 
or more of the following: 
Three or more of the 
following five risk 
factors: 
Impaired glucose 
tolerance or 
impaired fasting 
glucose plus any of 
the following: 
Central obesity§§§ 
or BMI> 30 kg/m2 
plus any two of the 
following:  
Three or more of 
the following risk 
factors: 
Fasting plasma 
glucose 
>6.1 mmol/L 
(110 mg/dl) or 
2h-OGT >7.8 mmol/L  
(140 mg/dl) 
>6.1 mmol/L (110 mg/dl)  
but not diabetic 
≥ 5.6 mmol/L* 
(100 mg/dl)  
or treatment for 
diabetes** 
 
Not diabetic 
6.1 -6.9 mmol/L  
(110 to 125 mg/dl) or 
2h-OGT >7.8-11.1 mmol/L 
(140-200 mg/dl) 
≥5.6 mmol/L (100 
mg/dl) or treatment 
for diabetes  
≥5.6 mmol/L (100 
mg/dl) or treatment 
for diabetes 
Blood pressure Systolic ≥140 mmHg 
Diastolic ≥90 mmHg 
Systolic ≥140 mmHg 
Diastolic ≥90 mmHg or 
treatment 
Systolic ≥130 mmHg 
Diastolic ≥85 mmHg or 
treatment** 
Systolic >130 mmHg 
Diastolic >85 mmHg 
 
Systolic ≥130 mmHg or 
Diastolic ≥85 mmHg or  
treatment  
Systolic ≥130 mmHg or 
Diastolic ≥85 mmHg or  
treatment 
Triglycerides ≥ 1.7 mmol/L  
(150 mg/dl) 
>2.0 mmol/L  
(178 mg/dl) or treatment 
≥1.7 mmol/L (150mg/dl) 
or treatment** 
> 1.7 mmol/L  
(150 mg/dl) 
≥ 1.7 mmol/L  (150 mg/dl) 
or treatment  
≥ 1.7 mmol/L  (150 mg/dl) 
or treatment 
HDL-cholesterol Men: < 0.9 mmol/L  
(35 mg/dl) 
Women: <1.0 mmol/L  
(39 mg/dl) 
<1.00 mmol/L 
 (39 mg/dl) or treatment  
Men: <1.03 mmol/L  
(40 mg/dl) 
Women: <1.29 mmol/L  
(50 mg/dl)  
or treatment** 
Men: <1.03 mmol/L  
(40 mg/dl) 
Women: <1.29 mmol/L  
(50 mg/dl) 
Men:  
< 1.03 mmol/L (40 mg/dl) 
Women: 
< 1.29 mmol/L (50mg/dl) 
or treatment  
Men: <1.0 mmol/L   
(40 mg/dl) 
Women: <1.3 mmol/L  
(50 mg/dl) 
or treatment 
Obesity Waist-hip ratio 
Men: > 0.90 
Women: >0.85 
or  BMI >30 kg/m2 
Waist circumference 
Men: ≥94 cm  
Women: ≥80 cm  
Waist circumference  
Men:  ≥102 cm*** 
Women: ≥88 cm*** 
BMI >25 kg/m2**** Ethnicity 
dependent waist 
circumference as 
in Table 2. 
Ethnicity 
dependent waist 
circumference as 
in Table 2. 
Other factors  Urinary albumin excretion 
rate ≥20 μg/min or  
Albumin: Creatinine ratio     
≥30 mg/g 
- - Family history of Type 2 
diabetes, hypertension or 
CVD. PCOS, age, ethnicity 
sedentary lifestyle**** 
-  
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2.2. Pathogenesis of the metabolic syndrome. 
The MetS is thought to be a consequence of complex interactions between genetic and environmental 
factors; however, the pathogenesis remains inconclusive. Several factors were identified as potential 
causal features of the MetS including physical inactivity, genetic profile, ageing, inflammation and 
hormonal dysregulation (Alberti et al, 2006).  While the pathogenesis of the MetS remains inconclusive, 
obesity and insulin resistance appear to stand out as the most probable causative factors (Alberti et al, 
2006).  
 
The IDF considered that the high prevalence of the MetS was due to the obesity epidemic (Alberti et al, 
2006). Obesity is associated with the other components of the MetS. For instance, obesity contributes to 
hypertension (Kotsis et al, 2010), insulin resistance (Caballero, 2004; The Emerging Risk Factor 
Collaboration, 2011), and dyslipidemia (Klop et al, 2013). High anthropometric indices of obesity were 
significant predictors of the MetS in the San Antonio Heart Study (Han et al, 2002), among the 
participants who had both high BMI (≥30 kg/m2) and large WC (≥0.95 for men and ≥0.80 for women), 
32% developed the MetS, whereas, only 10% developed it among the participants with a combination of 
low BMI (<25 kg/m2) and small WC (<0.95 for men and <0.80 for women). Several studies showed that 
central fat accumulation contributes to the features of the MetS; for example, Carr and colleagues 
(2004) conducted a study among 218 subjects to study the association between intra-abdominal fat area 
and the MetS. The results of this study indicated a significant and independent relationship between 
intra-abdominal fat area and the MetS (OR=3.83, 95% CI= 2.4 – 6.11, P<0.001) using a simple linear 
regression model, the significant association persisted even after adjustment for age and gender. 
Furthermore, the intra-abdominal fat area was significantly associated with each of the MetS 
components (positive association with TG, SBP, DBP, WC, glucose and inversely associated with HDL) 
suggesting that central obesity is an essential determinant for the MetS (Carr et al, 2004).  
Insulin resistance is believed to have an essential role in the development of the MetS. This statement 
was supported by the results of the Bruneck Study (Bonora et al, 1998). The prevalence of insulin 
resistance was examined among a sample of 888 subjects aged 40-79 years. The study findings stated 
that 1) insulin resistance was very common among subjects with low-HDL (88.1%) and 
hypertriglyceridemia (84.2%), 2) the vast majority of participants with multiple metabolic disorders were 
insulin resistant, 3) insulin resistance was found in the absence of other MetS components (Bonora et al, 
1998).   
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Insulin resistance will be discussed further in chapter 4; briefly, the hypothesis relating central obesity to 
insulin resistance and the MetS focus on the fact that visceral adipose tissue increases factors such as 
tumour necrosis factor alpha (TNF-alpha) and free fatty acids; additionally, excessive adiposity is 
associated with decreased production of adiponectin, a molecule found to have anti-atherosclerotic, 
anti-diabetic and anti-inflammatory functions (Matsuzawa et al, 2011). These physiological effects of 
adipose tissue inhibit insulin action in skeletal muscles causing insulin resistance (Matsuzawa et al, 2011; 
and Samson and Garber, 2014). Insulin resistance will increase lipolysis from the adipose tissue that will 
lead to increased free fatty acids that are stored in the liver as TG that will eventually results in high 
triglycerides and low HDL (Samson and Garber, 2014; and Thaman and Arora, 2013). Furthermore, the 
oxidative stress generated from the free fatty acids, along with other multi-factors, is suggested to play 
a role in developing hypertension that is another component of the MetS (Bergman et al, 2007).  
2.3. The epidemiology of the metabolic syndrome. 
It was estimated that one-quarter of the world’s adults have the MetS (IDF, 2006); however, the 
prevalence of the MetS varies in different regions of the world. A study from the USA reported an age-
adjusted prevalence of the MetS of 22.9% among adults’ ≥20 years of the NHANES cohort (2009-2010) 
using the harmonised definition (Beltran-Sanchez et al, 2013). The Diabetes Epidemiology Collaborative 
Analysis of Diagnostic Criteria in Europe (DECODE) study included data of 7,782 men and 7,739 women 
aged 30-89 years from nine different population studies from Europe (including Finland, the 
Netherlands, the United Kingdom, Sweden, Poland and Italy). Using the IDF criteria, the MetS prevalence 
was 41% and 38% for men and women respectively (The DECODE Study group, 2008). Population-based 
studies on the MetS among the Gulf countries are limited, although a systematic review on the studies 
published from 1990 to 2009 stated that it is becoming a widespread public health problem in the GCC 
countries (Ng et al, 2011). A non-nationally representative study suggested that the prevalence of the 
MetS in the GCC was upwards of 20% (Ng et al, 2011). Another systematic review by Mabry and 
colleagues (2010a) indicated that the prevalence of the MetS among the GCC men ranged from 20.7% to 
37.2% using the NCEP ATPIII definition and from 29.6% to 36.2% when the IDF definition was used. The 
prevalence of MetS among the GCC women ranged from 32.1% to 42% (NCEP ATP III definition) and 
36.1% to 45% (IDF definition) (Mabry et al, 2010a).  
 
Over the last few decades, a striking increase in the number of individuals with the MetS has occurred 
worldwide. This increase is claimed to be related to the elevated global epidemics of diabetes and 
obesity (Zimmet et al, 2001). For instance, using the NCEP ATPIII guidelines, a longitudinal study on the 
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MetS among 2,458 participants from the Family Heart Study reported an increased prevalence of the 
MetS from 17.1% among participants who were examined in 1994-1996 to 28.8% when the participants 
were examined again in 2002-2003 (Karaj et al, 2006).  
For any given population, the MetS prevalence may differ depending on the definition used. For 
instance, the prevalence of the MetS was examined among 10,368 adults who participated in the cross-
sectional phase of the Tehran Lipid and Glucose Study (TLGS) using three different definitions. The 
highest prevalence was recorded by using the NCEP ATPIII criteria (33.2%) then the IDF criteria (32.1%) 
and the lowest prevalence was obtained by the WHO criteria (18.4%) (Zabetian et al, 2007).  
Studies in the literature showed differences in the prevalence of the MetS by ethnicity; this implies that 
certain ethnic groups are more susceptible to have the MetS than other ethnicities. For instance, a 
cross-sectional analysis of data from the third NHANES (1988-1994) of 8,814 American men and women 
aged 20 years or older of different ethnicities showed that the prevalence of the MetS was higher 
among Mexican Americans (31.9%) compared with non-Hispanic White individuals (23.8%) and African 
Americans (21.6%) (Ford et al, 2002). This result was also confirmed in the study by Beltran-Sanchez and 
colleagues (2013). 
A consistent finding of the available epidemiological studies on the MetS is that the prevalence is highly 
age-dependent. This pattern was clear in the study by Ford and colleagues (2002) where the MetS 
prevalence among participants in the USA aged 20-29 years was recorded to be 6.7%, whereas it was 
43.5% and 42.0% in participants aged 60-69 years and at least 70 years, respectively. Similarly, in Iran, 
among the 10,368 adults who participated in the TLGS study, the prevalence of the MetS among men 
raised from less than 9.8% among those 20-29 years old to 25.5% among those aged 40-49 years old and 
to 37.9% in the 60-69 year old subjects; whereas, in women, the prevalence was 9.3% in the 20-29 year 
old group, 48.3% in the 40-49 year old group and 67.2% in the 60-69 year old group (Azizi et al, 2003).  
In the literature, the reported prevalence of the MetS varies depending on the sample selection, 
ethnicity, MetS definition used, and study design; therefore, comparison between different studies 
regarding the prevalence of the MetS should be made with caution.  
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2.4. Consequences of the metabolic syndrome. 
Identifying individuals with the MetS highlights individuals at elevated risk of developing CVD. Solely, 
each component of the MetS conveys some increase in CVD risk; however, as a combination the risk 
becomes greater (Kaplan, 1989). From the Framingham Heart Offspring Study, the age-adjusted RR of 
CVD, and coronary heart disease were 2.88 (95% CI= 1.99-4.16), and 2.54 (95% CI= 1.62-3.98) for men 
with MetS respectively; on the other hand, the associated RR with MetS for CVD, and coronary heart 
disease were 2.25 (95% CI= 1.31-3.88), and 1.54 (95% CI= 0.68-3.53) for women respectively (Wilson and 
Meigs, 2008). In a population-based prospective study among 1,209 healthy Finnish men aged 42-60 
years who were followed for about 11 years, men characterised with the MetS were more likely to die of 
coronary heart disease (HR=4.2, 95% CI= 1.6-11.2) than subjects without the MetS (Lakka et al, 2002). 
Another European prospective study on non-diabetic men and women reported that the overall HRs for 
CVD and all-cause mortality among subjects with the MetS compared with those without it were 2.26 
(95% CI = 1.61-3.17) and 1.44 (95% CI = 1.17-1.84) for men, and 2.78 (95% CI =1.57-4.94) and 1.38 (95% 
CI = 1.02-1.87) for women (Hu et al, 2004). 
 
Presence of the MetS may predict future type II diabetes risk (Hanson et al, 2002). A prospective study 
conducted among 5,128 British subjects aged 40 to 59 years who were observed for 20 years showed a 
higher risk of developing type II diabetes among men with the MetS at baseline compared to those 
without (RR = 3.57, 95% CI = 2.83-4.50) (Wannamethee et al, 2005). Additionally, the probability of 
developing diabetes or CVD over the follow-up period increased from 11.9% among those with no 
features of the MetS to 31.2% among those with three abnormalities and to 40% among subjects with 
four or five abnormalities. In the Framingham Heart Offspring Study, among those with the MetS, the 
age-adjusted RR of diabetes was 6.92 (95% CI= 4.47-10.81) for men and 6.90 (95% CI= 4.34-10.94) for 
women (Wilson and Meigs, 2008).   
The MetS has also been associated with several common cancers. A meta-analysis of 43 prospective 
studies identified that MetS was consistently associated with an increased risk of multiple cancers in 
adults (Esposito et al, 2012). Among men, the MetS increased the risk of colorectal cancer (RR = 1.25, 
P<0.001), liver cancer (RR= 1.43, P<0.0001) and bladder cancer (RR= 1.10, P=0.013), whereas in women, 
the MetS was related to increased risk of endometrial cancer (RR= 1.61, P=0.001), postmenopausal 
breast cancer (RR = 1.56, P=0.017), pancreatic cancer (RR = 1.58, P<0.0001), colorectal cancer (RR= 1.34, 
P=0.006), and rectal cancer  (RR =1.52, P=0.005) (Esposito et al, 2012). In women, the association 
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between the MetS and cancers of the rectum and pancreas (P=0.01 for both) was stronger compared to 
men (Esposito et al, 2012).  
The MetS was also found to be associated with diseases other than CVD, diabetes and cancer. Several 
studies indicated that MetS is associated with nonalcoholic fatty liver disease (NAFLD). For instance, a 
study conducted among 3,147 Japanese men and women who were NAFLD-free at baseline revealed 
that subjects with the MetS at baseline were at higher risk of developing NAFLD during the follow-up 
period (men: OR= 4.00, 95% CI= 2.63-6.08 and women: OR= 11.20, 95% CI= 4.85-25.87) compared to 
subjects without the MetS (Hamaguchi et al, 2005).  
2.5. Studies of the metabolic syndrome in Qatar. 
Studies on the MetS among Qataris are limited. From the literature, a total of eight studies in adults 
were found, six of them were cross-sectional studies on the prevalence of MetS and its components 
(Musallam et al, 2008; Bener et al, 2009b; Bener et al, 2010; Ismail, 2012; Bener et al, 2013; and Bener 
et al, 2014), one study was an interventional randomised trial on the effect of non-exercise activity 
thermogenesis on the components of the MetS (Hammoudeh et al, 2013) and one was a prospective 
study on the prevalence of MetS among male patients of mixed ethnicities (but did not specify if it 
included Qataris) that were hospitalised due to acute coronary syndrome (Al-Aqeedi et al, 2013). 
Although the authors of the latter study claimed it was a prospective study, the methodology that was 
used suggested that it was a cross-sectional study because the patients were not followed over time.  
One of the first attempts to estimate the prevalence of the MetS and its related components among 
Qataris was by Musallam and colleagues (2008); the reported prevalence was 27.7% and 35.4% 
according to the NCEP ATPIII and IDF criteria respectively. Later on, Bener and colleagues (2009b) 
estimated the prevalence of MetS to be 26.5% (NCEPT ATPIII) and 33.7% (IDF) by conducting a cross-
sectional study among a nationally representative sample of 1,204 Qatari men and women recruited 
from Primary Care Centres. In a similar setting and study design, Bener and colleagues (2010) reported 
similar findings for the MetS in 2010; moreover, the findings showed that the MetS prevalence peaked 
in the ≥60 year old men and women (Bener et al, 2010). In 2012, another published study stated a 
prevalence of the MetS of 46.3% in Qataris (IDF) (Ismail, 2012). The higher prevalence of the MetS 
among the population of the study by Ismail (2012) was due to having a relatively small sample size of 
136 subjects; moreover, this study focused on obese subjects (BMI ≥30 kg/m2) that are considered to 
have a higher risk of developing the MetS. A more recent study by Bener and colleagues (2013) among a 
nationally representative sample of 1,552 Qatari men and women reported a MetS prevalence of 26.2% 
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(NCEP ATPIII) and 36.9% (IDF). From the latter study it could be concluded that the reported MetS 
prevalence among Qataris in 2009 was quite similar to that in 2013 using the NCEP ATPIII criteria and 
slightly higher when using the IDF criteria considering the same participants recruitment setting.  
All of the cross-sectional studies that reported the prevalence of the MetS recruited their subjects from 
Primary Care Centres settings in urban and/or semi-urban areas in Qatar. The selection criteria were 
based on multistage stratified cluster sampling with a systematic selection procedure of the registered 
patients in each centre. Mainly, the prevalence was reported from four study populations only, the first 
two study populations included 1,222 and 1,204 Qatari men and women respectively who were 
approached from January 2007 to July 2008 (Bener et al, 2009b; and Bener et al, 2010) and the third 
study population included 1,552 men and women who were approached from April 2011 to December 
2012 (Bener et al, 2013; and Bener et al, 2014). Therefore, the reported prevalence might be subject to 
selection bias since only individuals registered in certain Primary Care Centres were invited to take part 
in these studies. The fourth study population included 136 obese subjects only because the study was 
focusing on the MetS prevalence among obese individuals. To our knowledge, there was no study that 
estimated the prevalence of the MetS from the general population using settings other than the Primary 
Care Centres.  
The most common definitions used to investigate the MetS prevalence among the Qatari population 
were the NCEP ATPIII (Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in 
Adults, 2001) and the IDF (Alberti et al, 2006) definitions. To our knowledge there was no study that 
estimated the MetS prevalence among Qataris using the harmonised definition.  
The prevalence of the MetS components in individuals that fulfill the MetS criteria was only discussed in 
one study (Bener et al, 2009b). Central obesity was the most prevalent component (65.3% using the 
NCEP ATPIII and 83.5% using the IDF criteria) followed by hypertension (36.5% and 37.3% using the 
NCEP ATPIII and IDF respectively), low-HDL (26.3% using the NCEP ATPIII and 30.4% using the IDF 
criteria), high TG (24.0% using the NCEP ATPIII and 23.8% using the IDF criteria), and the lowest 
component was impaired fasting glucose (21.8% using the NCEP ATPIII and 22.7% using the IDF criteria). 
Further studies should be made to confirm these findings.  
The MetS prevalence was examined in different age groups in three studies among Qataris and similar 
findings were obtained. The first study reported that the MetS was most prevalent in ≥60 year old men 
and in the 50-59 year age group for women (≥60 year old for total population) (Bener et al, 2009b). A 
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following study stated similar findings (Bener et al, 2010). A more current study stated that the MetS 
was more prevalent in the 55-64 year group compared to other age groups without providing gender-
specific information (Bener et al, 2013).  
2.6. Summary. 
The MetS is a cluster of metabolic abnormalities including hyperglycemia, hypertension, dyslipidemia 
and central obesity. There is no standard definition for the MetS; however, the most commonly used 
guidelines are the NCEP ATPIII and the IDF. The most recent guideline for the MetS is the harmonised 
definition. Central obesity and insulin resistance are essential determinants of the MetS. The notable 
increase in the global prevalence of the MetS is claimed to be related to the obesity and diabetes 
epidemics. The prevalence of the MetS is age-dependent and found to vary by region, ethnicity and the 
definition used. Subjects with the MetS have higher risk of all-cause mortality, CVD, diabetes and several 
common cancers, in addition to other diseases such as NAFLD. 
 
High prevalence of the MetS was reported among Qataris in three cross-sectional nationally 
representative studies. Central obesity was the most prevalent determinant of the MetS. Because 
studies on the MetS among Qataris are limited, further research is needed to confirm and update the 
findings of the previous local studies. 
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CHAPTER 3: Obesity subgroups.    
 
3.1. Obesity subgroups. 
Obesity is commonly accompanied by abnormal metabolic profiles; these individuals are known as 
metabolically-abnormal obese (MAO) individuals. However, since the 1980s, it has been evident that 
obesity may exist without the presence of other metabolic abnormalities such as hypertension, 
dyslipidemia and insulin resistance (Andres, 1980; Sims, 1982; Phillips et al, 2013b); these individuals are 
known as metabolically-healthy obese (MHO). Much research interest has been focused on the 
paradoxical findings among MHO and MAO people. Furthermore, normal weight subjects do not always 
have healthy metabolic profiles, these individuals were described by Ruderman and colleagues (1981) as 
“metabolically-obese, normal-weight”; however, in the current study they will be called metabolically-
abnormal normal weight (MAN). The final category is the metabolically-healthy normal weight (MHN) 
individuals. This chapter will focus more on these important subgroups of obesity and metabolic health, 
particularly the MHO phenotype, which has not been previously investigated among Qataris. 
 
MHO individuals are a subgroup of the obese population who do not show the typical metabolic 
disorders associated with obesity and they are postulated to have a low risk of obesity-related 
complications (Hamer and Stamatakis, 2012). Despite their excessive body weight, MHO individuals are 
known to have normal blood pressure and insulin levels, and normal profiles of lipids, hormones, 
inflammation,  immune markers and liver enzymes (Primeau et al, 2011; Karelis et al, 2004). The concept 
of MHO is widely accepted; however, there are no universal guidelines to define the metabolic health 
status of the MHO phenotype. 
3.2. Metabolic health status definitions. 
Several criteria have been used to define metabolic health status in order to differentiate between the 
metabolically-healthy subgroups (MHN and MHO) and the metabolically-abnormal subgroups (MAN and 
MAO). The common principle was based on the absence of components of the MetS such as insulin 
resistance, dyslipidemia, hypertension and inflammation (using C-reactive protein (CRP) as a biomarker), 
while other criteria depend on the insulin sensitivity tests such the Matsuda index test (Stefan et al, 
2008) or the homeostasis model assessment (HOMA) (Meigs et al, 2006). Developed in 1985, the HOMA 
test is a model used to predict fasting steady-state insulin and glucose concentrations for various 
combinations of beta-cells function and insulin resistance (Matthews et al, 1985). Additionally, some 
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studies have used the HOMA test combined with the MetS criteria (Karelis and Rabas-Lhoret, 2008; 
Wildman et al, 2008). Table 4 states six different criteria commonly used in the literature to define 
metabolic health status. These definitions differ in the type, number and cutoff values of the 
components; therefore it is difficult to compare the findings of the studies that are using different 
definitions for metabolic health. 
 
Table 4. Criteria used to define metabolic health status. 
Components  Aguilar-
Salinas
1
 
Karelis
2
 Megis (A)
3
 Megis (B)
3
 Wildman
4
 MetS 
(Harmonised)
5
 
Blood 
pressure  
(mmHg) 
SBP <140 and 
DBP <90 or no 
treatment 
- SBP ≥130 and 
DBP ≥85 or 
treatment 
- SBP ≥130 and 
DBP ≥85 or 
treatment 
SBP ≥130 and 
DBP ≥85 or 
treatment 
Triglyceride  
(mmol/L) 
- ≤1.70 ≥1.70 - ≥1.70 ≥1.70 or 
treatment 
HDL 
(mmol/L) 
≥1.03 ≥1.30  <1.0 for M 
<1.3 for F 
- <1.03 for M 
<1.29 for F or 
treatment 
<1.03 for M 
<1.29 for F or 
treatment 
LDL 
(mmol/L) 
- ≤2.60  - - - - 
Fasting 
glucose 
(mmol/L) 
No Diabetes - ≥5.60  - ≥5.6 or 
treatment 
≥5.60 or 
treatment 
HOMA - ≤2.7  - <75
th
 
percentile 
>5.13 - 
Other - CRP ≤3.0 mg/L WC >102 cm 
for M 
>88 cm for F 
- CRP >0.1 mg/L - 
Criteria used 
to define 
metabolic 
health 
All of above = 
MH 
≥4 of the 
above =MH 
<3 of the 
above = MH 
All of the 
above = 
MH 
<2 of the 
above = MH 
None of the 
above = MH 
       
1
 Aguillar-Salinas et al (2008). 
2
 Karelis and Rabas-Lhoret (2008). 
3
 Meigs et al (2006). 
4 
Wildman et al (2008). 
5
 Alberti et al 
(2009).  
Abbreviations: DBP= Diastolic Blood Pressure, CRP= C-Reactive Protein, F= Females, HDL= High Density Lipoprotein, HOMA= 
Homeostasis Model Assessment, LDL= Low Density Lipoprotein, M= Males, MetS= Metabolic Syndrome, MH= Metabolically 
Healthy, SBP= Systolic Blood Pressure and WC= Waist Circumference. 
Units abbreviations: cm = centimeters, mmHg = millimeter mercury, mmol/L = millimol per liter, mg/L = milligram per liter. 
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3.3. Prevalence of the MHO and MAN subgroups. 
The prevalence of the MHO and MAN phenotypes in studied populations differs mainly due to the 
variation in criteria used to define metabolic health status and study population characteristics (Phillips 
et al, 2013b; Pataky et al, 2010; Velho et al, 2010; Primeau et al, 2011; and Conus et al, 2007). For 
instance, among one sample study of 1,160 obese men and women of the NHANES III cohort, the MHO 
prevalence was reported as 19.6% using the HOMA test and 44.2% when the NCEP ATPIII criteria of the 
MetS was used (Durward et al, 2012). Information from 2,040 participants aged 50 to 69 years from the 
Mitchelstown cohort from Ireland was utilised to investigate the prevalence of MHO using six different 
definitions (Phillips et al, 2013b). In their study, the prevalence of MHO was 6.8% using Aguilar-Salinas et 
al (2008) definition, 14.2% using Karelis and Rabas-Lhoret (2008) definition, 23.7% using Wildman et al 
(2008) definition, and 30.2% and 36.6% when using Meigs (A) and Meigs (B) criteria (Meigs et al, 2006). 
Among 608 women and men with a BMI <25 kg/m2 from the EGIR group, 10% were classified as MAN by 
being resistant to insulin (Ferrannini et al, 1997). In another study by Goodpaster and colleagues (2003), 
among 2,964 American subjects from the Health ABC cohort, 22% of women and 14% of men with a 
normal range BMI were classified as MAN by presenting with an impaired glucose tolerance. Direct 
comparison between the studied populations regarding the prevalence of the MHO and MAN subgroups 
remains difficult without a standardised definition for metabolic health status. 
 
3.4. Determinants of metabolic health status.  
Epidemiological studies showed that gender, ethnicity, age, dietary and lifestyle behavior, such as 
physical activity and smoking could influence metabolic health status (Durward et al, 2012; Dvorak et al, 
1999; Wildman et al, 2008; and Phillips et al, 2013b). In a study by Durward and colleagues (2012), the 
MHO phenotype was more prevalent among women (60.7% using the HOMA test and 65.8% using the 
MetS-NCEP ATPIII definition) compared to men (38.3% using the HOMA test and 34.2% using the MetS-
NCEP ATPIII definition). In a cross-sectional sample of 5,440 subjects from the NHANES 1999-2004 study, 
using Wildman et al (2008) definition, the MHO phenotype was more prevalent among females (35.4%) 
compared to males (29.2%) and in non-Hispanic Blacks (38.9%) compared to non-Hispanic Whites 
(30.8%) and Mexican Americans (33.8%) (Wildman et al, 2008). In addition, the prevalence of the MHO 
phenotype was inversely associated with age with 47.7% of participants’ aged 20-30 years having the 
MHO phenotype, 31.2% of those aged 35-49 years, 20.4% of those aged 50-64 years and 14.3% of the 
participants in the 50-64 year old age group (Wildman et al, 2008). This study also reported that MHN 
subjects were younger than their MAN counterparts, were more likely to be females, and showed higher 
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physical activity levels; furthermore, MHN was more prevalent in non-Hispanic Blacks compared to non-
Hispanic Whites and was less prevalent in Mexican Americans compared to the other ethnicities. A study 
by Phillips and colleagues (2013b) on 2,040 men and women aged 50-69 years reported that compliance 
with food pyramid recommendations and moderate to high physical activity increased the likelihood of 
MHO. In another study, physical activity level was lower by 412 kcal on average in the MAN subjects 
compared to MHN when examined in 71 normal weight women by Dvorak and colleagues (1999).  
 
MHO subjects have several features that may decrease their risk of developing chronic diseases. 
Epidemiological studies reported that MHO subjects have lower levels of visceral fat compared to MAO; 
for example, Brochu et al (2001) reported that MHO subjects had 49% lower visceral fat tissue 
compared to MAO. The lower level of visceral fat in MHO might be attributed to more efficient calorie 
management such as energy use, or subcutaneous fat storage (Brochu et al, 2001; and Kloting et al, 
2010). Visceral fat is stored around internal organs such the liver, intestines and the pancreas and it has 
been associated with morbidities (Donohoe et al, 2011; and Boyko et al, 2000) and all-cause mortality 
(Kuk et al, 2012). Population studies suggest that a tendency to accumulate fat in peripheral or central 
depots is related to genetic components (Wajchenberg, 2000); therefore, certain features of the MHO 
subgroup might be heritable (Despres et al, 1992). In addition, biopsies of subcutaneous adipose tissue 
has revealed that MHO subjects have better expression of adipose cell differentiation markers, such as 
adiponectin, compared to MAO (McLaughlin et al, 2007). Markers secreted by the adipocytes are known 
to play roles in body homeostasis, vascular disease regulation and immunological responses (Rosen and 
Spiegelman, 2006; Ghigliotti et al 2014; and Berg and Scherer, 2005). Furthermore, MHO individuals 
have less liver fat compared to MAO individuals (Kloting et al, 2010). Independent of total body fat 
content, liver fat levels are linked to metabolic complications in multiple studies (Magkos et al, 2010; 
and Fabbrini et al, 2009). Additionally, MHO subjects have lower levels of circulating inflammation 
biomarkers (Karelis et al, 2005) and elevated circulating anti-inflammatory markers compared to MAO 
(Lynch et al, 2009). Finally, childhood onset of obesity was found to be associated with the MHO 
phenotype (Brochu et al, 2001). Muscelli et al (1998) suggested that increased duration of obesity might 
be associated with compensatory metabolic adaptations that serves to preserve normal insulin 
sensitivity levels. 
To our knowledge, the MHO phenotype has not been examined among a Qatari population yet. Since 
some features of the MHO might be heritable as mentioned above, it is postulated that the prevalence 
of the MHO and their characteristics in Qataris could be different from elsewhere. 
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3.5. Longitudinal studies on MHO individuals.   
It is well established that obesity causes an elevated risk of CVD and mortality (WHO, 2015). However, 
studies on the association between the MHO phenotype with CVD and mortality have shown mixed 
results. Multiple prospective studies and a meta-analysis reported that MHO individuals were not at 
higher risk of CVD and all-cause mortality compared to MHN (Hamer and Stamatakis, 2012; St-Pierre, 
2005; Durward et al, 2012; and Kramer et al, 2013). For instance, Hamer and Stamatakis (2012) 
examined the association between MHO and risk of all-cause mortality among 22,203 men and women 
in England and Scotland who were followed for about seven years. In their study, the MHO status was 
defined when the participant had none or just one of the following metabolic abnormalities: normal 
levels of blood pressure, HDL, WC, insulin sensitivity based on Wildman et al (2008) criteria, CRP of ≥3 
mg/L, and a BMI of above 30 kg/m2. They found that MHO individuals were not at higher risk of all-cause 
mortality (HR= 0.91, 95% CI= 0.64-1.29) compared to MHN subjects, whereas MAN (HR= 1.59, 95% CI= 
1.41-1.77) and MAO (HR= 1.79, 95% CI= 1.47-2.17) were both at higher risk. On the other hand, several 
longitudinal studies reported that MHO had a higher risk of CVD and all-cause mortality compared to 
MHN (Flint et al, 2010; Arnlöv et al, 2010; Appleton et al, 2013). According to a study conducted among 
42,351 men and 76,703 women who were followed for about 16 years, obese men and women with no 
recorded hypertension, hypercholesterolemia or diabetes were at higher risk of developing coronary 
heart disease compared to their normal weight counterparts (men: HR= 1.95, 95% CI= 1.52-2.42 and 
women: HR= 2.14, 95% CI=1.83-2.50) (Flint et al, 2010).  
 
Appleton and colleagues (2013) suggested that the MHO phenotype is a transient state for some 
individuals and eventually over time they will develop obesity-related morbidities. Aging and additional 
weight gain are thought to be important risk factors for converting from the MHO to the MAO 
phenotype (Samocha-Bonet et al, 2014). However, the long-term health consequences of adiposity 
among the MHO subjects remain unclear. 
3.6. Summary. 
Not all obese individuals show the typical metabolic abnormalities such as insulin resistance, 
hypertension and dyslipidemia (referred to as MHO). Also, not all lean individuals are healthy (referred 
to as MAN). The prevalence of MHO and MAN differs due to the lack of a standard definition for 
metabolic health and variation in study population characteristics. The MHO phenotype is more 
prevalent in younger individuals, females, non-Hispanic blacks and in individuals consuming healthy 
diets and practicing high levels of physical activity. The MHO subjects are characterised with lower levels 
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of visceral and liver fat, better expression of adipose cell differentiation markers, less circulating 
inflammation biomarkers and higher anti-inflammatory markers compared to their unhealthy 
counterparts (MAO). There are mixed results regarding the association between the MHO phenotype 
and all-cause mortality and CVD. The long-term health consequences of adiposity in MHO individuals 
remain inconclusive; therefore, further longitudinal studies are needed. 
 
Because some features of the MHO phenotype might be heritable, it is postulated that the prevalence of 
MHO subjects and their characteristics in Qataris could be different from elsewhere, and this subgroup 
of obesity has not previously been studied in a Qatari population.  
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CHAPTER 4: Insulin sensitivity biomarkers. 
 
4.1. Insulin sensitivity and resistance definitions. 
Insulin sensitivity describes the body state of requiring normal or low levels of insulin to process glucose. 
The sensitivity rate varies from person to person due to genetic and environmental factors (Mayer et al, 
1996). The physiological condition when the body requires extra insulin to process glucose (when the 
natural insulin hormone becomes less effective at lowering blood sugar) is described as insulin 
resistance. Insulin is a main regulator of glucose homeostasis, it inhibits the production of glucose and 
promotes glycogen storage in the liver; moreover, it stimulates the uptake, use and storage of glucose in 
muscles and adipose tissues. Therefore, high plasma glucose is manifested in insulin resistant patients, a 
status that increases the demand of secreting more insulin to facilitate the uptake of glucose by the 
body. This status, also called pre-diabetes, could be present for years before eventually the pancreas 
fails to keep up with the body demand of insulin and type II diabetes mellitus is diagnosed.  
 
4.2. Consequences of insulin resistance. 
Insulin resistance, in the form of deficient insulin action, causes impaired glucose tolerance and has a 
pathophysiological role in the development of type II diabetes by provoking failure in the functional 
ability of the pancreatic beta cells to produce insulin (Moller and Flier, 1991; and Porte and Kahn, 2001). 
A prospective study among 1,551 non-diabetic participants from the San Antonio Heart Study revealed 
that insulin secretion/insulin resistant index was a predictor of future type II diabetes (area under the 
receiver-operating characteristics curve = 0.86) (Abdul-Ghani et al, 2007). Moreover, insulin resistance is 
associated with diabetes complications such as nephropathy and retinopathy (Tabak et al, 2012). 
 
Along with a fundamental role in the development of type II diabetes, insulin resistance is an important 
predictor of CVD.  In a prospective study conducted among 165 healthy non-obese subjects, both insulin 
resistance and hyperinsulinemia were found to predict CVD independently of other risk factors; 
additionally, 18% of the subjects that were classified with high insulin resistance (steady state plasma 
glucose concentration = 7.91 to 18.07 mmol/L) developed either hypertension or CVD (Yip et al, 1998). 
The association between insulin resistance and CVD was also investigated among 839 Caucasians of the 
Bruneck population-based study in Italy who were followed for 15 years (Bonora et al, 2007). One 
hundred and eighteen subjects experienced a CVD event during the follow-up period. Adjusted Cox 
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regression models showed that insulin resistant subjects had 2.1 times elevated risk of CVD (95% CI = 
1.3-3.1) compared to insulin sensitive subjects; moreover, this association remained significant even 
after stratification by gender and between diabetic and non-diabetic individuals.  
In addition to being an important component of the MetS, insulin resistance is strongly associated with 
other components of the MetS including lipids, blood pressure and obesity, (Sesti, 2006; DeFronzo and 
Ferrannini, 1991; and Festa et al, 2000). Insulin resistance is associated with atherogenic lipid profiles by 
enhancing very low density lipoprotein synthesis leading to hypertriglyceridemia and elevated LDL levels 
(DeFronzo and Ferrannini, 1991). The association between insulin resistance and hypertension may be 
explained by multiple mechanisms, including causing a disturbance in membrane ion transport, over-
activity of the sympathetic nervous system, proliferation of vascular smooth muscle cells and sodium 
retention (DeFronzo and Ferrannini, 1991).  
4.3. Insulin resistance and obesity. 
The association between obesity and insulin resistance has been identified across all investigated ethnic 
groups and is evident in a full range of excess body weight categories. Epidemiological studies showed 
that the risk for type II diabetes mellitus, and presumably insulin resistance, increases as BMI levels 
elevate (Colditz et al, 1990). In an analysis of 58 prospective studies, individuals with a history of type II 
diabetes were characterised by higher mean WC and W-H ratio compared with non-diabetic participants 
across the BMI range (The Emerging Risk Factor Collaboration, 2011). Furthermore, BMI was strongly 
positively associated with risk of type II diabetes among a group of 51,529 men aged 50-75 years 
(multivariate RR = 42.1, 95% CI = 22.0 - 80.6 for obese compared with normal weight men) (Chan et al, 
1994). Abdominal obesity has shown to be much more strongly related to insulin sensitivity and type II 
diabetes than total obesity (Kern et al, 2001). A meta-analysis showed that W-H ratio is a better 
discriminator for diabetes than BMI (Lee et al, 2008).  
 
The relationship of obesity to diabetes, and presumably to insulin resistance, has been recognised for 
decades (Kahn, 1980); however, several aspects underlying the mechanisms that link obesity and insulin 
resistance remain uncertain. Obesity may promote insulin resistance by decreasing insulin-stimulated 
glucose transport and metabolism in skeletal muscle and adipocyte tissue (Kahn and Flier, 2000). 
Adipose tissues, which are present in excess in the obese phenotype, function as endocrine glands by 
releasing a variety of hormones (for example, leptin and adiponectin), cytokines (for example TNF-alpha 
and interleukin-6) and substrates such as free-fatty acids that have effects on other organs such as the 
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liver, pancreas, muscles and brain (Kahn and Flier, 2000). Thus, adipose tissues play a major role not only 
in fat storage but also in energy balance and glucose homeostasis (Kahn and Flier, 2000). Leptin has 
multiple regulatory actions to control glucose homeostasis; these actions could be through autocrine, 
endocrine, paracrine and neural circuits pathways (Kahn and Flier, 2000). Some of the regulatory actions 
of leptin are exerted directly at the level of pancreatic beta cells targeting the insulin secretory tissues. 
Moreover, leptin was suggested to inhibit lipid synthesis and promote lipid oxidation that subsequently 
improves insulin sensitivity (Kim et al, 2000). Glucose homeostasis is also affected by increased adipose 
energy storage and expanded adipose depots in obese subjects leading to elevation in plasma free fatty 
acid flux to other body tissues impairing insulin’s ability to: 1) suppress hepatic glucose production, 2) 
stimulate glucose uptake by muscles and 3) inhibit insulin secretion from beta cells (Kahn and Flier, 
2000). Consequently higher TG storage occurs in these tissues and promotes insulin resistance (Kahn 
and Flier, 2000). TNF-alpha was found to regulate several adipocyte functions including lipogenesis 
inhibition and lipolysis elevation (Kahn and Flier, 2000; and Hotamisligil, 1999). 
There are also grounds for considering a possibility that insulin resistance, in addition to being caused by 
obesity, can contribute to the development of obesity (Kahn and Flier, 2000).  Excess food intake causes 
elevation in the production of insulin in order to convert the food, including glucose, into energy. When 
the body cells are resistant to insulin, glucose will not be absorbed, thus, more insulin will be produced 
and glucose level will rise. Consequently, to reduce glucose level, the body will tend to store it as fat 
(Figure 1) (Acheson et al, 1988). Therefore, it could be postulated that high glucose might have a 
mediatory role in the association between insulin resistance and obesity. 
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Figure 1. Association of insulin resistance to obesity.  
From Acheson et al (1988). 
 
 
 
4.4. Methods to measure insulin resistance. 
Multiple approaches are used to detect and quantify insulin sensitivity and resistance (Radaelli et al, 
2010; Muniyappa et al, 2008; and Singh and Saxena 2010). The gold standard for estimating insulin 
sensitivity is the euglycemic hyperinsulinemic clamp test; however, this method is complicated and not 
cost-effective for large studies (DeFronzo et al, 1979; and Radaelli et al, 2010). Another well-established 
method is the HOMA test; this test requires fasting blood samples of glucose and insulin and, therefore, 
might not be practical for biobank studies. There are other established markers of insulin levels, 
including circulating C-peptide and HbA1c. 
  
4.4.1. C-peptide. 
C-peptide has been used as a marker of insulin secretion in humans because it provides an accurate 
valuation of pancreatic beta cells secretory function (Polonsky et al, 1986). It is a small protein of about 
31 amino acids with a half-life of about 30 minutes. It is secreted into the bloodstream by the beta cells 
in an equimolar amount with insulin in response to glucose stimulation. Besides assisting the 
arrangement of insulin structure, C-peptide has physiological roles in different cell types; for example, it 
plays a role in the activation of signaling pathways (Vasic and Walcher, 2012). Moreover, recently it was 
found to have proinflammatory effects in different tissues (Vasic and Walcher, 2012).  
 
Excess food intake 
Insulin is produced 
to convert glucose 
into energy 
When cells are resistant to 
insulin, glucose is not 
absorbed 
More insulin is produced and 
glucose level rises 
Glucose will be stored 
as fat in order to 
reduce its level 
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C-peptide measurement is a practical approach suitable for large studies and does not require fasting 
blood samples (Ma et al, 2004 and Verheus et al, 2006) and its use has been validated in previous 
studies (Polonsky et al, 1986; and Bonser and Garcia-Webb, 1984). Although C-peptide has been used 
effectively in diagnosing different types of diabetes (Berger et al, 2000), the reference ranges vary 
between laboratories (Little et al, 2008); therefore, optimal standardisation of C-peptide measurement 
is needed.  
Several epidemiological studies have used C-peptide as a marker of insulin secretion to investigate the 
relationship with disease risk. Patients with the MetS and type II diabetes have elevated basal levels of 
C-peptide (Kim et al, 2011); moreover, epidemiological studies reported that serum C-peptide is 
independently associated with some types of cancer, CVD and total mortality (Kaaks et al, 2000; Marx et 
al, 2013; and Li et al, 2014). In the New York University Women’s Health prospective cohort study (N= 
14,275), the risk of colorectal cancer increased with increasing concentration of serum C-peptide, the 
OR for the highest compared to the lowest quintile was 2.92 (95% CI = 1.26 - 6.75, P = 0.001) (Kaaks et 
al, 2000). In addition, C-peptide was positively associated with breast cancer in a case-control study 
nested within the EPIC cohort among women above 60 years old (OR = 2.03, 95% CI = 1.20 - 3.34, 
P=0.01) (Verheus et al, 2006). When performing a logistic regression analysis, elevated serum C-peptide 
levels have also been associated with stroke (OR= 3.71, 95% CI = 1.78 - 7.75) in nondiabetic subjects (Li 
et al, 2014), as well as CVD deaths (third compared to the first tertile: HR=1.55, 95% CI = 1.07 - 2.24, P= 
0.022) and all-cause mortality (third compared to the first tertile: HR=1.46, 95% CI = 1.10 -1.93, P 
=0.008) (Marx et al, 2013).  
Epidemiological studies indicated positive associations between C-peptide level and total and regional 
body fat distribution (Li et al, 2014; and Abdullah et al, 2012). Among non-diabetic subjects (n=6,428), 
serum C-peptide was significantly positively related to regional fat % and total fat % but inversely 
associated with regional and total lean fat % (Li et al, 2014). In addition, C-peptide level was positively 
associated with BMI; among 710 breast cancer survivors, increasing BMI categories (<25, 25-29.9, ≥30 
kg/m2) were associated with increasing C-peptide levels (C-peptide = 1.79 ng/ml, 2.33 ng/ml and 2.91 
ng/ml, respectively; P for trend <0.001) (Irwin et al, 2005). A similar association was reported among 80 
apparently healthy Emirati females with a mean age of 21 years (standard deviation (SD): ±2.4), a 
significant 14.7% higher C-peptide level was found in obese subjects compared to the lean group (2.5 
±0.7 ng/ml for obese versus 2.1 ±0.7 ng/ml for lean, P=0.02, respectively) (Abdullah et al, 2012). 
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4.4.2. HbA1c. 
HbA1c is a form of haemoglobin that is used as a marker of hyperglycemia measured mainly to detect 
the average plasma glucose level over prolonged periods of time (average of 2-3 months). It is formed 
by haemoglobin exposure to plasma glucose via non-enzymatic pathways. Higher concentrations of 
HbA1c indicate poor control of glucose concentrations in the blood. HbA1c could be used as a biomarker 
of insulin sensitivity to identify individuals with insulin resistance or a pre-diabetic state and at elevated 
risk of developing diabetes (American Diabetes Association, 2010).  
 
HbA1c level has been reported to decrease with age (Cohen et al, 2010), weight loss and exercise 
(Hansen et al, 2009; Davis et al, 2011), and by pharmacological treatments (Best et al, 2011). HbA1c 
increases in relation to diets high in fats (Delahanty et al, 2009), in smokers (Syrjala et al, 2003), and in 
subjects with diabetes (Zhag et al, 2010). Obesity has been positively associated with HbA1c level in a 
longitudinal study; during 8 years follow-up, a linear increase in HbA1c with increasing BMI was found in 
the study by Nakajima and Suwa (2014) in Japanese subjects; moreover, HbA1c was positively correlated 
with BMI among Arabs (Kharoubi et al, 2014). 
Recommendations from the American Diabetes Association support the use of HbA1c in the diagnosis of 
diabetes (American Diabetes Association, 2009). The international expert committee (2009) and the 
American Diabetes Association (2013) have identified a cutoff point of ≥6.5% (about ≥48.0 mmol/mol) 
for HbA1c assay for the diagnosis of diabetes and 5.7% - 6.4% (39 – 46 mmol/mol) for prediabetes. 
Advantages of using the HbA1c test are that it has higher repeatability than the fasting glucose test 
(Selvin et al, 2007), does not require fasting blood samples, and since it reflects the long-term glycemic 
exposure, it is preferable for monitoring glucose control in patients with diabetes (American Diabetes 
Association, 2009). However, there are some disadvantages for the HbA1c test; it is expensive and may 
not be affordable in some parts of the world. Moreover, ethnicity was found to influence the diagnostic 
performance of the HbA1c test; Black ethnicity was associated with higher HbA1c levels by 0.13% 
(P<0.001) compared to Whites (Ziemer et al, 2010).  
Higher concentrations of HbA1c have been associated with disease risk; for example, a systematic 
review of 16 prospective studies investigated the relationship of HbA1c to incidence of diabetes; this 
study observed a significant positive association between HbA1c values (5.5% - 6.5%) and subsequent 
diabetes risk (Zhag et al, 2010). In a community-based study among a non-diabetic population 
(n=11,092), HbA1c values of ≥6.0% were associated with higher risk for developing type II diabetes 
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independent of glucose level and other risk factors compared to HbA1c values of 5.0-5.5% (Selvin et al, 
2010). Moreover, the same study indicated that HbA1c is a risk factor for CVD independent of fasting 
glucose levels. Selvin and colleagues (2010) suggested that HbA1c might be superior to fasting glucose in 
predicting long-term risk of coronary heart disease. Epidemiological studies have reported positive 
associations between HbA1c levels, even at levels below those identified for diabetes diagnosis and 
colorectal cancer. In a community-based American cohort, those in the highest quartile of HbA1c had an 
increased risk of colorectal cancer compared to the lowest quartile (OR = 1.57, 95% CI = 0.94 – 2.60) 
(Saydah et al, 2003). Another study by Khaw and colleagues (2004) reported that among 9,605 
participants of the EPIC-Norfolk cohort, a 1% increase in HbA1c was associated with a 33% increase in 
colorectal cancer risk independent of diabetes, smoking and obesity. HbA1c has also been associated 
with an increased risk of pancreatic cancer independent of diabetes in a nested case-control study 
within the EPIC study cohort (OR =2.42, 95% CI = 1.33 – 4.39 for the group with the highest level of 
HbA1c ≥6.5% versus HbA1c levels ≤5.4) (Grote et al, 2011). 
4.5. Studies on insulin resistance in Qatar. 
The GCC region includes some of the highest rates of diabetes worldwide (Alhyas et al, 2011). However, 
epidemiological studies of insulin sensitivity biomarkers in this region including Qatar are limited. A high 
prevalence (16.7%) of type II diabetes was identified in a cross-sectional study by Bener and colleagues 
(2009a). More women (53.2%) were diagnosed with type II diabetes than men (46.8%); central obesity 
was a major risk factor for diabetes (P<0.001) in both men and women (Bener et al, 2009a). The most 
recent national surveillance study (STEPs report) stated that 17.6% of Qatari men and 15.9% of Qatari 
women were diabetic (Haj Bakri and Al-Thani, 2013). Since the Qatari population is characterised by a 
high prevalence of obesity and diabetes, it could be assumed that the Qatari population has a high 
prevalence of insulin resistance. Therefore, further studies on insulin sensitivity among the Qatari 
population are needed to fill the gaps in knowledge in this region of the world. 
 
4.6. Summary.  
Insulin resistance is a physiological condition that occurs when the body requires extra insulin to reduce 
the levels of blood glycaemia; it is a major predictor for future diabetes, CVD and positively associated 
with the MetS components (dyslipidemia, hypertension and obesity). C-peptide and HbA1c are suitable 
biomarkers for insulin sensitivity among large cohort studies such as biobank projects. Both C-peptide 
and HbA1c are independently positively associated with diabetes, CVD, some types of cancers and 
obesity. Studies on insulin sensitivity biomarkers (C-peptide and HbA1c) in Qatar are scarce; therefore, 
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further studies are needed in this region especially given the high prevalence of diabetes. 
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CHAPTER 5: Inflammation. 
 
5.1. Potential link between inflammation and obesity. 
A growing body of evidence indicates that increased adiposity contributes directly towards an elevation 
in systematic inflammation. Studies have shown that white adipose tissue plays a wide range of roles 
related to metabolic regulation and physiological homeostasis rather than just having a fat storage 
function (Mohammed-Ali et al, 1998; Trayhurn and Beattie, 2001; and Ronti et al, 2006). Adipose tissue 
is found to secrete several adipocytokines which integrate with other body tissues, organs and systems 
including the brain and sympathetic nervous system, energy balance, immunity, insulin resistance, 
homeostasis and inflammation (Ronti et al, 2006). Examples of some of the inflammatory 
adipocytokines that are produced by adipose tissues are TNF-alpha, interleukin-1, interleukin-6, 
interleukin-1ra and CRP (Wisse, 2004, Ronti et al, 2006). Circulating interleukin-6 is a crucial factor for 
controlling hepatic acute-phase response (Heinrich et al, 1990); hence, interleukin-6 has a major role in 
regulating the expression of fibrinogen (Amrani, 1990; and Bursteinn et al, 1996). Fibrinogen is an acute-
phase reactant whose plasma concentration increases in response to inflammation; therefore, it is 
considered a useful marker of inflammation.   
 
5.2. Fibrinogen. 
Fibrinogen is a glycoprotein synthesised predominantly in the human liver. Around 80% to 90% of the 
total fibrinogen produced is found in the blood plasma with a half-life of 3-6 days. Normal plasma levels 
of fibrinogen range from 200 to 400 mg/dl (McPherson and Pincus, 2007). However, among the Saudi 
Arabian population, a concentration of 140 – 400 mg/dl was considered normal according to Gader et al 
(1990). In addition to multiple other functions, fibrinogen is a major coagulation protein, converted to 
fibrin by the enzyme thrombin for blood clotting. Moreover, fibrinogen increases blood viscosity; 
promotes platelets aggregation and endothelial function. Several studies have examined plasma 
fibrinogen in relation to various diseases.   
 
5.2.1. Fibrinogen and cardiovascular diseases. 
The relation between fibrinogen and CVD was first investigated in the 1950s (Gilchrist and Tullock, 1952; 
and Phear and Stirland, 1957), when the level of fibrinogen was found to be elevated in patients with 
ischemic heart disease. Since then, significant evidence has accumulated, including several mechanisms, 
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implying that fibrinogen has strong predictive power for CVD (Ernst, 1990; Ernst, 1993a; and Ernst and 
Resch, 1993). The available prospective and cross-sectional studies in the literature showed a high level 
of agreement regarding the association of fibrinogen and CVD. A comprehensive review of several 
prospective and cross-sectional studies by Ernst and Resch (1993) indicated a positive association 
between fibrinogen level and risk of myocardial infarction, stroke, and ischemic heart disease. In a more 
recent meta-analysis by the fibrinogen study collaboration (Danesh et al, 2005), data of 154,211 
participants from 31 prospective studies were recorded to investigate the association of fibrinogen level 
with major vascular outcomes. The participants of these studies were from Europe, North America and 
Japan. After adjustment for age and sex, the HR per 1 g/L increase in fibrinogen level was 2.42 (95% CI 
2.24 - 2.60) for coronary heart disease, 2.06 (95% CI 1.83 - 2.33) for stroke and 2.76 (95% CI 2.28 - 3.35) 
for other vascular mortality and 2.03 (95% CI 1.90 - 2.18) for nonvascular mortality (mainly cancer). 
However, further adjustment for multiple established vascular risk factors resulted in an attenuation of 
the HR for coronary heart disease and stroke to 1.82 (95% CI 1.60 - 2.06) and 1.82 (95% CI, 1.54 - 2.16), 
respectively. The adjusted risk factors were age, sex, cohort, smoking, total cholesterol, blood pressure 
and BMI. Although the association between fibrinogen and CVD has been extensively studied, whether 
there is a causal relationship remains uncertain; therefore, additional research including randomised 
trials and/or examining genetic determinants of fibrinogen are necessary.   
 
5.2.2. Fibrinogen and obesity.   
Epidemiological studies have shown a positive association between fibrinogen level and body fatness 
indices. A study by Festa et al (2001) reported a positive significant association between fibrinogen and 
different measurements of body fat among 1,559 subjects aged 39 years and above from the Insulin 
Resistant Atherosclerosis Study (IRAS). After adjustment for age, gender, ethnicity, smoking, clinic and 
history of diabetes, fibrinogen was significantly correlated with BMI (r=0.24, P<0.001), WC (r=0.29, 
P<0.001), W-H ratio (r=0.20, P<0.001), adipose body mass (r=0.26, P<0.001) and percentage adipose 
mass (r=0.29, P<0.001). In addition, the association was stronger in women compared to men, 
consistent among non-Hispanic White, African-Americans and Mexican-Americans, and was stronger 
among non-diabetics compared to type II diabetics. Moreover, BMI (6.2%), WC (7.9%) and adipose body 
mass (7.2%) were better predictors of fibrinogen levels than W-H ratio (4.0%) (Fest et al, 2001). In a 
more recent study, the association of fibrinogen with different weight categories was investigated 
among 5,690 subjects from the NHANES 1999-2002 study among individuals aged 40 years and above 
(Nguyen et al, 2009). A positive trend was identified for mean levels of fibrinogen across weight 
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categories, the concentration ranged from 287.28 mg/dl among normal weight subjects to 380.78 mg/dl 
among obese class III individuals (BMI ≥40 kg/m2)(P<0.04). Compared to normal weight individuals, 
fibrinogen concentration was higher among the overweight subjects by 11.5 mg/dl, and by 25.6 mg/dl 
among obese class I (BMI =30.0 – 34.9 kg/m2), moreover, the increase in fibrinogen was by 40.0 mg/dl 
among obese class II (BMI = 35.0 – 39.9 kg/m2) and by 93.5 mg/dl among obese class III individuals. All of 
the changes in fibrinogen concentration across the weight categories were statistically significant 
(P<0.01).  
 
Several studies have reported a positive correlation between reduced level of plasma fibrinogen and 
weight loss (Ernst, 1993b). In a recent clinical study of 28 obese Malay subjects, a 12-week weight-loss 
programme consisting of physical activity and nutritional education resulted in a significant decline in 
fibrinogen level (P<0.01) (Abdul Aziz et al, 2014). In another study, the impact of short-term (6 months 
up to 1 year) and long-term (3 years) weight loss on the concentration of fibrinogen among 93 obese 
individuals was investigated in a clinical study by Madsen et al (2008). Fibrinogen level reduced by 12% 
after 3 years (P<0.05); however, this reduction was not related to weight loss but perhaps related to 
physical activity and the reduced fat diet programme that the participants were asked to follow. The 
literature remains inconsistent in identifying the duration of weight-loss that is correlated with 
fibrinogen level reduction and in the extent of fibrinogen reduction due to weight loss.    
5.2.3. Fibrinogen level determinants.  
Fibrinogen levels have multiple determinants, including specific demographics, lifestyle habits and 
biochemical markers. In two meta-analyses by the fibrinogen studies collaboration of 31 mostly 
population-based prospective studies conducted between 1967 and 2003 on 154,211 participants, 
fibrinogen was higher among females compared to males and among Black subjects and Asians 
compared to White subjects. In addition, there was a positive association between fibrinogen and age, 
female gender, unemployment, smoking, blood pressure, history of diabetes, BMI, total cholesterol, LDL, 
TG, and CRP levels. In contrast, there was a significant inverse association between fibrinogen and 
alcohol consumption, physical activity, education level, HDL and albumin (Danesh et al, 2005; and 
Kaptoge et al, 2007). 
 
The meta-analysis by Kaptoge et al (2007) reported that about one third of the variation (36%) in 
fibrinogen level was explained by age, sex and cohort characteristics (including fibrinogen assay 
method); moreover, an additional 7% of the variation was determined by smoking, BMI, HDL, LDL, SBP, 
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the season in which blood collection took place, history of diabetes, alcohol consumption, total 
cholesterol (TC) and ethnic group. CRP accounted for a further 10% of the variation, this was found to be 
the highest correlate to fibrinogen among the examined biochemical biomarkers with a Pearson 
correlation coefficient of 0.49 (Kaptoge et al, 2007). Smoking showed a dose-response association with 
fibrinogen (Ernst et al, 1987; and Kawada, 2015), and this association is reversible upon smoking 
cessation (Ernst et al, 1987; and Kawada, 2015).  
5.2.4. Fibrinogen studies in the GCC population. 
Studies on the association between fibrinogen and obesity in the GCC region are scarce. A cross-
sectional study was conducted by Alam et al (2004) in Riyadh, the capital of the Kingdom of Saudi 
Arabia, to determine plasma fibrinogen and its determinants among a random sample of 2,263 Saudi 
adults. Plasma fibrinogen increased with age showing statistical significance between the different age 
groups (P=0.015). Moreover, Saudi females had significantly higher concentrations of plasma fibrinogen 
compared to Saudi men (P=0.0003). On the other hand, plasma fibrinogen concentration did not differ 
significantly among smokers compared to non-smokers. In addition, plasma fibrinogen concentration 
was significantly correlated with BMI (both females and males: r=0.30, P<0.001), SBP (female: r=0.26, 
P<0.001 and males: r=0.22. P<0.001), DBP (females: r= 1.13, P=0.016 and males: r=0.20, P<0.001), total 
cholesterol (females: r=0.14, P=0.009 and males: r=0.14, P<0.001), TG (males: r=0.10, P<0.013) and 
fasting blood sugar (females: r=0.187, P<0.001 and males: r=0.10, P<0.001). HDL was not significantly 
correlated with fibrinogen among the Saudi adults.  
 
To the best of our knowledge, there is a lack of studies on the association of fibrinogen with body 
fatness indices among the GCC population including Qatar. More studies on fibrinogen and its 
association with other CVD risk factors such as obesity and diabetes is needed among the GCC 
population especially given that 23-42% of mortality in this region is attributed to CVD (WHO, 2011a). 
Furthermore, fibrinogen concentration differed by ethnicity (Kaptoge et al, 2007); therefore, the current 
study aims to address the gap in knowledge regarding the association of fibrinogen with total and 
central obesity indices.  
5.3. Summary.  
There is a well-established link between obesity and inflammation. Epidemiological studies 
demonstrated a positive association between fibrinogen, as an inflammatory marker, and multiple body 
fatness indices including BMI, WC and W-H ratio. In addition to being a CVD risk factor, fibrinogen 
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concentrations have been associated with other CVD risk factors such as high blood pressure, 
dyslipidemia, diabetes and smoking. There are lack of studies on the association of fibrinogen and 
obesity in the GCC region, including Qatar, although the rates of CVD deaths are high in this part of the 
world. Therefore, further epidemiological studies are needed in order to understand the association 
between inflammation and obesity to reduce the prevalence of CVD-related mortalities in this region.  
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CHAPTER 6: Aims and objectives. 
 
6.1. Project aims and objectives. 
In the previous chapters (1-5) of this thesis, background information about obesity, the MetS, obesity 
subgroups, and the association of body fatness with insulin sensitivity (C-peptide and HbA1c) and 
inflammation (fibrinogen) biomarkers was identified. One of the initial objectives of the current research 
was to study the association between body fatness indices and CRP; however, due to the quality of CRP 
data it was replaced with another marker of inflammation, fibrinogen, which had better data quality. 
The main aims of the current research, along with detailed objectives related to each aim, are listed 
below. 
 
Aim 1: Conduct pilot study for the Qatar Biobank (QBB). 
Objectives: 
1. Develop the QBB questionnaires. 
2. Conduct logistical and administrational work to ensure the success of the QBB pilot study. 
3. Lead participants’ recruitment for the QBB pilot phase. 
4. Lead marketing and media relations’ activities for the QBB. 
 
Aim 2: Describe the study population and features of the MetS and its determinants among the Qatari 
participants of QBB pilot phase.  
Objectives: 
1. Examine key characteristics of the study population, including demographics, lifestyle habits, 
anthropometric measures, blood pressure and selected established CVD risk factors. 
2. Determine the prevalence of diagnosed (self-reported) diabetes, hypertension, high cholesterol, 
and CVD in the total study population and by age, in addition to the prevalence of undiagnosed 
diabetes, hypertension and high cholesterol. 
3. Examine the difference between subjects on treatment for selected diseases (diabetes, 
hypertension and high cholesterol) and those without treatment regarding their measured HbA1c, 
blood pressure and TC levels as applicable. 
4. Identify the parental history of diabetes, hypertension, obesity and CVD. 
5. Identify the prevalence of the MetS determinants and their distribution by gender and BMI status. 
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6. Explore the prevalence of the MetS and its distribution among the QBB participants by age, gender, 
and BMI status, in addition to identifying the MetS definition that captures most of the MetS cases. 
7. Compare the age-adjusted prevalence of the MetS of this study population with that of previous 
local studies.  
8. Examine the association of the MetS with age, gender, BMI and physical activity. 
 
Aim 3: Explore the difference between four obesity subgroups regarding selected characteristics.  
Objectives: 
1.  Estimate the prevalence of MHN, MAN, MHO and MAO among Qatari men and women of the QBB 
pilot phase. 
2.  Explore differences between the specified obesity subgroups regarding selected demographics, 
anthropometric measures, blood pressure, lifestyle habits and biomarkers of metabolic health.  
 
Aim 4: Investigate the association of total and central body fatness indices with C-peptide and HbA1c 
as insulin sensitivity biomarkers.  
Objectives: 
1. Describe the distribution of C-peptide and HbA1c by age, gender, selected obesity indices and 
history of diabetes. 
2. Assess adjusted associations of total and central body fatness indices (BMI, BF%, WC, and W-H 
ratio) with C-peptide and HbA1c. 
3. Assess whether the association between the total and central body fatness indices and the insulin 
sensitivity biomarkers (C-peptide and HbA1c) is modified by gender, history of diabetes and fasting 
status. 
4. Explore if the association between the body fatness indices and C-peptide is mediated by 
glycaemia. 
 
Aim 5: Investigate the association of total and central body fatness indices with fibrinogen as a 
biomarker of inflammation.  
Objectives: 
1. Describe the distribution of fibrinogen by age, gender, selected obesity indices, smoking status and 
history of diabetes. 
2. Assess adjusted associations of total and central body fatness indices (BMI, BF%, WC, and W-H 
ratio) with fibrinogen. 
 60 
3. Assess if the association between the total and central body fatness indices and fibrinogen is 
modified by gender and history of diabetes.  
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CHAPTER 7: Qatar Biobank Project. 
 
7.1. The State of Qatar. 
Qatar is an independent state located on a peninsula on the western coast of the Persian Gulf. It is 
bordered by Saudi Arabia from the south. The total area of Qatar is 11,493 km2 and the total population 
is about 2.12 million (as of 31st of July 2015) of which approximately 12% are Qatari nationals (Ministry 
of Development Planning and Statisitics, 2015). After the discovery of oil and gas, Qatar has experienced 
marked economic growth along with socioeconomic and demographic changes during the last fifty 
years. Chronic diseases such as type II diabetes mellitus, cancers, hypertension and CVD have increased 
and have been causing major health problems (Ng et al, 2011). Another marked transition occurred on 
Qatar’s population lifestyle; the traditional diet has been replaced with a diet higher in fat, processed 
and refined food and increased intake of red meat. Moreover, a noticeable reduction in physical activity 
has occurred within the last three decades (Musaiger, 2011). 
7.2. Qatar Biobank Project.  
QBB is a centre under the umbrella of Qatar Foundation (QF). QBB is one of the first population-based 
biobanks in the GCC region. It is a unique research resource for information on genetics, metabolic, 
lifestyle and environmental risk factors for diseases. There has been a lack of large-scale epidemiological 
studies in Qatar. QBB is considered a valuable national resource for Qatari lifestyle and health 
information and it will serve as a platform to facilitate health research through recruiting a large number 
of participants to contribute biological samples and information about their lifestyle and health. 
Information on genetic predisposition, lifestyle and environmental factors are accrued by collecting 
upfront analyses of blood, storing biological samples along with validated questionnaires. State-of–the 
art technology platforms are used for measurements of multiple lifestyle and environmental exposures 
and baseline phenotyping. 
 
7.3.  Aims of the Qatar Biobank. 
Qatar is seeking to improve the population’s health by advancing the health care system along with 
advocating medical research in order to reduce morbidity and mortality as a fundamental part of its 
National Vision 2030 (General Secretariat for Development Planning, 2008). Therefore, QF, in 
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collaboration with Hamad Medical Corporation (HMC) and support of the SCH, has commissioned 
Imperial College London to establish QBB. The QBB project is funded mainly by QF and HMC.  
 
Primarily, QBB aims to investigate a group of complex diseases, whose prevalence and incidence 
increase with age, including CVD, cancer, obesity and diabetes. The QBB database on health information 
and samples bank will allow researchers to investigate disease risk factors in Qatar and better 
understand the diseases affecting the community, thus, will lead to personalised medicine and tailored 
healthcare.  
 
7.4. Qatar Biobank design and development. 
The overall design of QBB is a prospective population-based study that aims to recruit ~60,000 Qatari 
and long-term residents (who have been living in Qatar for ≥15 years) aged 18 years and above at 
baseline. The same participants will be invited to participate again every 5 years from the baseline data 
collection.  
 
The development plan of QBB includes a series of phases of increasing complexity followed by a gradual 
increase in recruitment before the full-scale recruitment starts. QBB has three main phases and these 
are the pre-pilot phase, the pilot phase and the public phase. The subsequent sections (7.4.1 to 7.4.3) 
will describe the different methods utilised during the various phases of QBB.  
 
The ethics approval for the QBB project was obtained from HMC Medical Research Committee. The QBB 
clinic was approved and licensed by the SCH before commencing participant’s recruitment and data 
collection. 
 
7.4.1. Pre-pilot phase. 
The pre-pilot phase included general and nurse-interview questionnaires and some measurements such 
height, weight, waist and hip circumference, electric bio-impedance and blood pressure measurements, 
in addition to lung function examination. More details about the process of data collection are in section 
7.5. The aim of the pre-pilot phase was to test different recruitment strategies, validate the general and 
nurse-interview questionnaires and test that all questions were clear and culturally appropriate.  
 
The pre-pilot phase participants were invited to volunteer in QBB through invitation via mass emails to 
all QF employees in addition to personal contacts with friends and colleagues from QF and HMC. 
Invitation through mass emails was found to be unsuccessful as the majority of invitees ignored the 
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email because it was from an unfamiliar sender or centre. On the other hand, personal contacts resulted 
in a high response rate of 99%. The pre-pilot phase ended in May 2012 comprising of 100 volunteers. 
7.4.2. Pilot phase. 
The pilot phase started in December 2012. The pre-pilot phase questionnaires were amended as 
necessary before being used in the pilot phase. Along with the pre-pilot phase questionnaires and 
measurements, additional questionnaire, measurements and examinations were included in the pilot 
phase, this includes a diet questionnaire, cognitive function test, retinography imaging, fitness test, 
electrocardiogram (ECG) test, pulse wave velocity arteries stiffness test, 3D carotids ultrasounds, iDEXA 
scan for bone density, and hand grip strength. Additionally, this phase included blood, urine and saliva 
sample collection. Detailed information about data collection methods is in the QBB main study section 
7.5. The objective of the pilot phase was to conduct the QBB main study in a small and low profile scale 
while improving the QBB facility and capacity along with increasing the number of trained staff.  
 
The QBB pilot phase participants consist of adults (18 years and above) Qataris and long term residents, 
who have been living in Qatar for ≥15 years. Both men and women were invited to participate in the 
pilot phase of QBB. Prior to participation, all volunteers were asked three questions to ascertain their 
eligibility to take part. These questions were 1) what is your ethnicity? 2) what is your country of origin? 
and 3) what is your residency status in Qatar? The latter question was only asked to the non-Qatari 
participants in order to identify the duration of their residency in Qatar. Current health status does not 
affect the possibility to participate; however, it may result in restrictions on some of the examinations, 
for example, participants with knee complications does not undergo the fitness test and pregnant 
women are excluded from the iDEXA scan examination. 
The pilot phase participants were invited initially from QF and HMC because they are large institutions 
and more importantly are the QBB project collaborators. The QF staff members were invited by 
conducting departmental presentations in various centres and departments of the QF. The presentation 
included information about the QBB project, the experience of participation, its benefit to Qatar’s future 
generations, and guidelines about how to participate. It was crucial to inform the audience that 
participation was voluntary, the participants can withdraw from the study at any time and that all data 
are confidential and saved securely. Due to the working environment in HMC, which is a hospital, and 
the difficulty of conducting presentations due to the staff having limited time available and unavailability 
of adequate meeting spaces, participants from HMC were invited through mass emails sent by their 
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communication department. Additionally, eligible family members or friends of QF and HMC employees 
were welcomed to participate.  
Several of the participants in the QBB pilot phase wrote about the study in their social media accounts 
such as Facebook, twitter and Instagram, as a result, the QBB staff are receiving participation requests 
from the general population who have heard about the QBB project through social media. QBB is also 
actively engaged with the community by participating in local events such as the national sport day and 
local conferences in order to increase public awareness about the QBB project. Approximately 1,207 
multi-ethnic participants have taken part in QBB by the end of the pilot phase in February 2014. 
Participants’ recruitment continued after the end of the pilot phase until the beginning of the public 
phase.  
 
7.4.3. Public phase. 
The public phase of QBB started in March 2015, when Her Highness Sheikha Moza bint Nasser officially 
inaugurated the QBB project publicly. All of the questionnaires, measurements, and biological sample 
collection methodologies conducted in this phase are similar to those used in the pilot phase. It is in the 
QBB plan to include Magnetic Resonance Imaging scan in the future to examine brain function, heart 
and abdomen; however, an actual date for that has not yet been specified. Since launching the QBB 
project, over 9,000 volunteers have registered to participate. The public phase will continue until the 
target of ~60,000 participants is reached.  
 
7.5.  Qatar Biobank main study.  
7.5.1. Sample population. 
The selection criteria for the QBB main study participants are similar to those used in the pilot phase 
(section 7.4.2.1).  
7.5.2. Data collection methods. 
All examinations, data and sample collection are conducted in the QBB clinic in Hamad bin Khalifa 
medical city, Doha, Qatar. The clinic is equipped with all of the necessary measurements and storing 
tools; however, biological samples are analysed in HMC laboratories. Appendix I includes pictures of the 
clinic and some of the devices used in the QBB project. The participants’ assessment visit lasts for 
approximately 3 hours.  
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On the day of the clinic visit, each participant is provided with brief information about the QBB project 
and is assured of strict confidentiality. Moreover, participants are notified that their participation is 
voluntary with no benefits and they have the right to skip any test or withdraw from the study at any 
time without giving any reason. Volunteers who agreed to participate must sign a consent form prior to 
their recruitment (see Appendix II for more information about the consent from). The consent form is 
provided bilingually in Arabic and English in the form of electronic signature and it is stored in the QBB 
databases. A copy of the consent form and some of the examination results, such as weight, height, 
BMI, body impedance, iDEXA scan and some of the blood test results are provided to the participant in a 
follow-up visit. An example of the report is included in Appendix III.  
 
QBB has a state-of-the-art technology system that is used to capture and store data. During the clinic 
visit, each participant is assigned with a unique Radio-Frequency Identification Card (RFID) and a PIN 
code. Prior to answering the questionnaires and using any biometric device, the participant swipes the 
card on the device station reader and enters the PIN code to confirm their identity. Each biometric 
station has a unique ID and is linked to the QBB database. Readings from the devices are imported 
directly in an electronic form into the QBB database while linked with the participants unique ID. 
Biological sample tubes and containers are labeled with unique barcodes; thus, they are scanned and 
linked to the participant ID. The results of the biological samples examined in HMC laboratories are 
stored in the QBB database as well. This technology system was designed to avoid and minimise 
transcription error that might result from manual data entry. However, the trained nurse still has to 
enter some of the measurements, such as waist and hip circumferences, manually. 
QBB has two separate physical databases hosted in two distinct locations. The first database supports 
the operation of QBB and the other database is a repository that is used to support medical research. All 
data stored in the QBB databases is secured with end-to-end encryption on all connectivity. Data that 
can identify the participant is not available for view from the repository database. Only specific staff 
members have full access to both of the databases. Moreover, participants are identified by unique ID 
numbers that only these specific staff members are able to relate. All sample containers are coded 
anonymously and linked with the participants ID numbers. Researchers including the principle 
investigator of this study are not able to identify the participants’ identity.  
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The QBB team uses multiple methods to collect data along with various procedures to collect and 
analyse biological samples; however, only the methods that are related to the scope of the proposed 
study is listed below.   
7.5.2.1. Questionnaires. 
Demographic characteristics, history of diseases and lifestyle habits are assessed using a self-reported 
questionnaire. As a major tool for data collection, the QBB project team developed a well-designed and 
pilot-tested general bilingual questionnaire (Arabic and English versions are available) that is divided 
into 14 sections. These are: Demographics, Physical activity, Sleeping, Smoking, Waterpipe, Mobile 
Phone, Mood, Consanguinity, Health in youth, Personal health, Men’s health, Women’s health, Diseases 
history and Dietary patterns and habits. The questionnaire is adequately prepared based on existing 
validated questionnaires used from worldwide prospective studies (primarily the EPIC study and UK 
Biobank), which have been modified using surveys from the Arab region and Qatar. Additionally, these 
modified versions were discussed with experts from Qatar and elsewhere. To ensure data quality, the 
questionnaire was pre-tested during focus group sessions and piloted among 100 subjects during the 
pre-pilot phase of the QBB project. The questionnaire was modified after the pre-pilot phase with the 
necessary corrections in translation and the content of the questions was edited (see Appendix IV for 
details about the general questionnaire).  
Another questionnaire is administered to capture more specific information on certain hard to identify 
personal information and health status. This questionnaire is completed by a trained nurse in an 
interview setting; therefore, it is called the nurse-interview questionnaire. This questionnaire involves 
questions about the participant’s history of diseases and current medications that are taken regularly. 
Moreover, it includes questions related to parental history of diseases. Furthermore, female participants 
are asked about their pregnancy status.  
7.5.2.2. Anthropometric and blood pressure measurements.  
Different anthropometric and blood pressure measurements are performed in the QBB clinic to cover 
diverse disease phenotypes and risk factors. Reliability, validation, calibration, ease of use and 
interpretation and measurement time were taken into consideration when choosing the measurement 
methods. All measurements are taken by a trained nurse after asking the participants to change their 
clothes, remove shoes and put on the QBB light gown.  
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Height is measured in centimeters (cm) using “Seca 222” height scale (Seca, USA) while participants 
stand in bare feet and with normal straight posture. Weight is measured in kilograms using Tanita BC-
418 MA body composition analyser (Tanita Corporation, Japan). If the participant is pregnant or has a 
cardiac pacemaker or any metallic implants or joint replacement his/her weight is measured by Seca 
weight (Seca, USA). BMI is calculated as the ratio of weight (in kilograms (kg)) to the square of height (in 
meters).  
BF% is measured using the lunar iDEXA scan with the CoreScan application (General Electric Healthcare, 
USA). This device quantifies body composition and bone density. Participants are asked to lie on the 
surface of the device without any movement or talking for about 15 minutes. The input of the 
participant’s date of birth, gender, ethnicity, height and weight are required by the device’s software 
before the scanning starts. Pregnant women and participants who had a contrast media radiological 
examination or nuclear scan within the last week prior to their QBB appointment are not allowed to 
undergo the iDEXA scan. The BF% variable is another indicator of total body fat that is dependent on sex 
and ethnicity. Men tend to have less body fat than females; moreover, there is an ethnic variation in 
terms of cutoff points of body fat composition and predication of disease outcome (WHO, 2008a).  
Seca non-stretchable sprung measuring tape (Seca, USA) is used for both waist and hip measurements 
according to the WHO standards (WHO, 2008a). The waist is measured horizontally; the tape is placed 
midway between the lower margin of the ribs and the superior border of the iliac crest. In order to 
measure the hip, the tape is placed around the widest portion of the buttocks. WC cutoff point is 
dependent on ethnicity and gender.  
Blood pressure is measured using Omron 705IT automated device (Omron Healthcare Europe B.V., The 
Netherlands). Two or three readings of the SBP and DBP are taken from the left arm of the subject while 
seated after 10 minutes of rest and with an empty bladder. There is about a five-minute gap between 
each reading.  
7.5.2.3. Blood sample collection and laboratory analyses.  
Several biomarkers have repeatedly been shown to be associated with various diseases. QBB is aiming 
to collect information on a range of different biomarkers. Trained nurses in the QBB clinic collect about 
60 ml of random venous blood from each participant within approximately 1.5 hours after the start of 
the clinic visit. The 60 ml of blood is collected in 10 different tubes including multiple additives to 
separate the different blood fractions (serum, plasma and cells). These tubes are: a coagulation tube, 
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two plain tubes for serum, two ethylenediaminetetraacetic acid (EDTA) tubes, a complete blood count 
(CBC) tube, a cell preparation tube, a trace element tube and two PAXgene tubes. After blood collection, 
a nurse is responsible to deliver the blood samples to the QBB laboratory for preparation. The 
laboratory technician receives the blood samples and scans the barcode labels that are on the tubes, 
which are linked to the participant’s unique ID number. After scanning the barcodes, the preparation 
protocol for each of the tubes appears on the screen for the technician as in Table 5. Only the 
preparation methods that are specifically related to the proposed study are listed in Table 5. The 
required amount of blood for analyses is sent to HMC laboratories and the rest are stored in freezers (-
80oC) in the QBB clinic for future analyses. The blood samples are transported to HMC laboratories twice 
daily (10.00 am and 2.00 pm) in a specialised bag with a temperature of 2-8 degrees Celsius (oC). The bag 
also includes a dataloger device that records the temperature of the bag during the transportation 
process. The CBC and the coagulation tubes are transported to HMC within 4-6 hours of blood 
collection, whereas, the rest of the blood tubes are transported within 24 hours. The machines and 
methods used in examining the prepared blood samples in HMC laboratories are shown in Table 6. The 
blood analyses results are then entered and saved in the QBB databases. 
 
Table 5. Methods used to prepare the blood samples in the Qatar Biobank laboratory. 
Tube type Preparation methods in Qatar Biobank laboratory 
Coagulation tube  The coagulation tube includes 2.7 ml of blood. This tube does not require 
preparation before sending it to the coagulation section in HMC. This will be 
used for the fibrinogen, prothrombin time, international normalised ratio and 
partial thromboplastin time.  
Serum tubes  Each of the 2 serum tubes includes about 10 ml of blood. These tubes are left 
on the bench for 40 minutes to allow clotting formation.  
 Next, they will be spun at 2000 rpm for 10 minutes.  
 After that, the serum is collected from the two tubes and transferred to one 
falcon tube. The falcon tube will be spun at 2000 rpm for 5 minutes.  
 About 3.9 ml of the serum will be transferred to 4 cryotubes. The first 
cryotube includes 0.5 ml of serum and will be transferred to the Immunology 
laboratory in HMC.  
 The second cryotube includes 1.6 ml and will be transferred to the 
 70 
Endocrinology laboratory in HMC. This will be used for vitamin B12, vitamin D, 
SHBG, testosterone, oestrodiol, C-peptide, insulin, T3, T4, TSH, folate and 
ferritin. 
 The third cryotube includes 1.5 ml and will be transferred to the Chemistry 
laboratory in HMC. This will include, sodium, potassium, chloride, bicarbonate, 
urea, creatinine, glucose, bilirubin, protein, albumin, ALP, ALT, AST, GGT, TC, 
TG, HDL, LDL, calcium, phosphate, uric acid, iron, total iron binding site and 
magnesium. 
 The last cryotube includes 0.3 ml and will be transformed to the Special 
Chemistry laboratory in HMC. This will be used for myoglobin, and creatine 
kinase analyses. 
 The remaining serum will be used to prepare 12 aliquots (0.3 ml each) and are 
stored at -80°C for future analyses. 
EDTA tubes  2 EDTA tubes each includes about 10 ml of blood are spun at 2000 rpm for 10 
minutes. 
 The supernatant layer (plasma) is transformed from both of the tubes to a 
single falcon tube. About 0.3 ml of plasma will be transformed to the Special 
Chemistry laboratory in HMC for homocysteine analysis. Moreover, 30 
aliquots are prepared from the remaining plasma (each 0.25 ml) and will be 
stored at -80°C for future analyses. 
 The white layer in the EDTA tubes (buffy coat) will be transferred to a falcon 
tube and will be used to prepare 8 aliquots (0.4 ml each). These aliquots will 
be stored at -80°C for future analyses. 
 The remaining erythrocytes in the EDTA tubes will be used to prepare 8 
aliquots (each 0.4 ml). These aliquots will be stored at -80°C for future 
analyses. 
CBC tube  The CBC tube includes about 4 ml of venous blood.  
 1 ml of blood will be transformed to another CBC tube and will be transferred 
to the Special Chemistry laboratory in HMC for HbA1c analysis. 
 The remaining 3 ml will be sent to the Haematology laboratory in HMC for 
blood count and differential white blood cells count analyses. 
Abbreviations: ALP= alkaline phosphatase, ALT= alkaline transaminase, AST= aspartate transaminase, CBC =complete blood 
count, EDTA = Ethylenediaminetetraacetic acid, HbA1c = glycated haemoglobin, HDL= high-density lipoprotein, HMC= Hamad 
Medical Corporation, GGT= gamma-glutamyle transferase, LDL= low-density lipoprotein, ml = milliliters, rpm = round per 
minutes, SHBG= sex hormone binding globulin, TC= total cholesterol, TG= triglyceride, TSH = thyroid stimulating hormone, T3= 
free triiodothyronine, T4= free thyroxin
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Table 6. Blood sample analyses in Hamad Medical Corporation laboratories. 
Biomarker Laboratory name      Machine name            Chemical method  
Lipid profile: 
Total cholesterol  
High density lipoprotein 
Low density lipoprotein 
Triglycerides 
 
 
- Clinical Biochemistry 
 
 
o Cobas c system (Roche 
Diagnostics, USA) 
 
 
 Enzymatic colorimetric. 
 
Diabetes variables: 
Insulin 
C-peptide 
 
 
Glucose 
 
 
HbA1c 
 
- Endocrinology 
 
 
 
- Clinical Biochemistry 
 
 
- Clinical Chemistry 
 
o Architect System (Abbott 
Diagnostics, USA) 
 
 
o Cobas c system (Roche 
Diagnostics, USA) 
 
o Cobas 400 (Roche 
Diagnostics, USA) 
 
 Chemiluminescent micro-particles 
immunoassay. 
 
 
 Enzymatic colorimetric. 
 
 
 Turbidimetric inhibition 
immunoassay (TINIA) (Enzymatic 
method). 
Inflammation markers: 
Fibrinogen  
 
Homocysteine 
 
- Coagulation 
 
- Endocrinology 
 
 
o ACL TOP 500 CTS 
 
o Architect i 2000 SR (Abbott 
Diagnostics, USA) 
 
 CLAUSS measurement  
 
 Chemiluminiscent Micro- particle 
Immunoassay (CMIA) 
Liver function variables: 
Alkaline phosphatase 
Alkaline transaminase  
Aspartate transaminase  
Total bilirubin 
Total protein 
Albumin 
 
Gamma-glutamyl transferase  
 
 
 
- Clinical Biochemistry 
 
 
 
 
 
- Clinical Biochemistry 
 
 
 
o Cobas 6000 (Roche 
Diagnostics, USA) 
 
 
 
 
o Architect c8000 analyser 
(Abbott Diagnostics, USA) 
 
 
 Colorimetric assay with a 
standardised method (according to 
IFCC) (p- nitrophenyl phosphate) 
 
 
 
 Enzymatic assay (5-amino-2-
nitrobenzoate) 
Bone and joint markers  
Uric acid 
 
 
Calcium 
Phosphate 
 
 
 
Vitamin D 
 
- Clinical Biochemistry 
 
 
- Clinical Biochemistry 
 
 
 
 
- Endocrinology 
 
o Cobas 6000 (Roche 
Diagnostics, USA) 
 
o Cobas 6000 (Roche 
Diagnostics, USA) 
 
 
 
o Architect i 2000 SR (Abbott 
Diagnostics, USA) 
 
 Enzymatic colorimetric test 
(Uricase) 
 
 Colorimetric assay with a 
standardised method (according to 
IFCC) (p-nitrophenyl phosphate) 
 
 
 Chemiluminiscent Micro-particle 
Immunoassay (CMIA) 
Blood count  
Haemoglobin 
 
Haematocrit 
 
 
Red blood cell (RBC) 
 
Platelets 
 
Mean corpuscular volume 
 
-Haematology (for 
all) 
 
o LH750, UniCel DxH 800 
(Beckman Coulter, USA) (for 
all) 
 
 Photometric reaction  
 
 Automated calculation by the 
machine  
 
 Coulter Principle (RBC) 
 
 Histogram graph 
 
 Automated calculation by the 
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(MCV) 
 
 
Mean corpuscular 
haemoglobin (MCH) 
 
Mean corpuscular 
haemoglobin concentration 
(MCHC) 
 
Mean platelet volume (MPV) 
machine  
 
 Automated calculation by the 
machine  
 
 Automated calculation by the 
machine  
 
 
 Automated calculation by the 
machine 
Differential White cell count 
White blood cells (WBC) 
 
 
 
Lymphocytes 
Monocytes 
Neutrophil 
Eosinophils 
Basophils 
 
-Haematology 
 
 
 
-Haematology 
 
o LH 750, UniCel DxH 800 
(Beckman Coulter, USA) 
 
 
o LH 750, UniCel DxH 800 
(Beckman Coulter, USA) 
 
 Coulter Principle 
 
 
 
 VCSn technology (volume, 
conductivity, and light scatter)  
Coagulation tests 
Prothrombin time 
International normalised 
ratio (INR) 
Partial thromboplastin time 
(PTT) 
 
- Coagulation 
 
 
o ACL TOP 500 CTS 
 
 Coagulometric (Turbidimetric) 
measurement  
 
Electrolytes and Renal tests 
Sodium 
Potassium  
Chloride 
Bicarbonate 
Urea 
Creatinine 
 
- Clinical Biochemistry 
 
 
o Cobas 6000 (Roche 
Diagnostics, USA) 
 
 
 Colorimetric assay with a 
standardised method (according to 
IFCC) (p-nitrophenyl phosphate) 
 
Muscle markers 
Creatine kinase 
 
 
Myoglobin 
 
- Clinical Chemistry 
 
 
- Clinical Chemistry 
 
o Architect c8000 analyser 
(Abbott Diagnostics, USA) 
 
o Architect c8000 analyser 
(Abbott Diagnostics, USA) 
 
 NAC (N-acetyl-L-cysteine) 
 
 
 Latex enhance automated 
immunoassay 
Minerals  
Iron 
Total iron binding capacity 
Magnesium 
 
 
Ferritin 
 
- Clinical Biochemistry 
 
 
 
 
- Endocrinology 
 
o Cobas 6000 (Roche 
Diagnostics, USA)  
 
 
 
o Architect i 2000 SR (Abbott 
Diagnostics, USA) 
 
 Colorimetric assay with a 
standardised method (according to 
IFCC) (p-nitrophenyl phosphate) 
 
 Chemiluminiscent Micro-particle 
Immunoassay (CMIA) 
Vitamins 
Folate 
Vitamin B12 
 
- Endocrinology 
 
o Architect i 2000 SR (Abbott 
Diagnostics, USA) 
 
 Chemiluminiscent Micro-particle 
Immunoassay (CMIA) 
Thyroid function tests  
Free triiodothyronine (T3) 
Free thyroxine (T4) 
Thyroid stimulating hormone 
(TSH) 
 
- Endocrinology 
 
o Architect i 2000 SR (Abbott 
Diagnostics, USA) 
 
 Chemiluminiscent Micro-particle 
Immunoassay (CMIA) 
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Gender-related Hormones: 
Sex hormone binding 
globulin (SHBG) 
Testosterone 
Oestradiol  
 
- Endocrinology 
 
o Architect i 2000 SR (Abbott 
Diagnostics, USA) 
 
 Chemiluminiscent Micro-particle 
Immunoassay (CMIA) 
Abbreviations : IFCC = The International Federation of Clinical Chemistry, USA = United States of America. 
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CHAPTER 8: Study methods. 
 
8.1. Ethics, study design, sample population and data collection. 
The current study was approved by the HMC Medical Research Committee under the reference 
#12106/12 (Appendix V) and was renewed as needed during the study period.  
The proposed research is a cross-sectional analysis conducted among participants recruited in the pilot 
phase of the QBB project from December 2012 until February 2014. The selected sample population for 
this study included Qatari men and women aged 18 years or older on the day of their appointment. 
Individuals whose ethnicity was classified as non-Qatari, or their country of origin was not Qatar or 
indicated that their residency status other than “Qatari” were excluded from this research study. 
Pregnant women were excluded as well because their body shape and size was affected by their 
pregnancy. Methods used for data collection are consistent with that conducted in the QBB main study, 
which are explained in section 7.5 above.  
8.2. Definitions. 
8.2.1. Descriptive characteristics. 
The sample population was described by gender regarding multiple characteristics. The explored 
demographic characteristics were age (continuous variable), age groups (<25, 25-34, 35-44, 45-55 and ≥ 
55 years), marital status (single, married, divorced or separated, and widow), education level (did not 
attend or complete primary school, primary school, secondary school, technical or professional school 
less than university, university, postgraduate degree), and occupation (in paid employment, self-
employed, business/ company owner, retired, housewife, unemployed, student or trainee, none of the 
above, prefer not to answer). Physical activity (continuous and categorical as specified in section 8.2.2) 
and smoking (including never, current, former and preferred not to answer) habits for both men and 
women were investigated; current smokers included daily and occasionally smokers, whereas, the 
former smokers included subjects who stopped smoking or who tried once or twice. It is culturally 
inappropriate for a Qatari woman to smoke or to be asked about her smoking habits; therefore, female 
participants were given the option of not answering the smoking section to avoid a cultural sensitivity 
issue.  
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Specified physical measurements and CVD-related biomarkers levels were explored in the study 
population, including: height, weight, BMI, BF%, WC, W-H ratio, and blood pressure. The cutoff values 
used to classify body fatness are stated in section 8.2.3. The CVD-related biomarkers included C-peptide, 
HbA1c, glucose, insulin, TG, TC, HDL, LDL, and fibrinogen. These biomarkers were selected because they 
are included in the regression analyses as confounders. If a participant did not have results for the 
tested biomarkers, it would be because: 1) the participants did not provide blood or 2) the blood 
samples were not analysed due to inadequacy of the sample collected. 
8.2.2.  Physical activity.  
Physical activity was defined by The International Physical Activity Questionnaire (IPAQ) short form 
format guidelines (The International Physical Activity Questionnaire group, 2005). To calculate physical 
activity, the participants were asked to provide the total number of days and average time spent doing 
physical activity for at least 10 minutes solely for recreation, sport, exercise or leisure in the last 7 days 
prior to the clinic appointment. The IPAQ scoring mechanism designated each activity level with an 
intensity code expressed in terms of Metabolic Equivalents (METs). The code was defined as the ratio of 
metabolic rate during an activity compared to the resting metabolic rate. Figure 2 shows the methods 
used for the continuous and categorical scores calculations; the METs code values for each activity level 
were underlined. The physical activity level was expressed in METs-min per week. 
According to the IPAQ guidelines, if the time spent in physical activity was less than 10 minutes then the 
value should be recoded as 0, if the time was reported to be more than 960 minutes (16 hours) per day 
it should be considered as an outlier and consequently excluded. 
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 Figure 2. The International Physical Activity Questionnaire (IPAQ) guidelines used to define physical activity. 
*From the guidelines report for data processing and analysis of the International Physical Activity Questionnaire (IPAQ) 
(International Physical Activity Questionnaire group, 2005). 
 
8.2.3. Body fatness indices. 
BMI was used to classify different body fatness categories according to the WHO criteria (WHO, 2000), 
which is similar to the method used by previous local studies (Ismail, 2012; Bener et al, 2009b). An 
individual is considered underweight if the BMI is <18 kg/m2, normal if the BMI is ≥18 kg/m2 to <25 
kg/m2, overweight if the BMI is ≥25 kg/m2 and <30 kg/m2 and obese if the BMI is ≥30 kg/m2.  
Continuous score: 
According to the IPAQ Research Committee the weighted Metabolic Equivalent (METs) minutes per week was 
calculated as following for each level of activity: 
 Walking METs-min/week = 3.3 x time of walking (minutes) x number of walking days. 
 Moderate METs-min/week = 4.0 x time of moderate activity (minutes) x number of moderate activities days. 
 Heavy METs-min/week = 8.0 x time of vigorous activity x number of vigorous activity days. 
Then the total physical activity METs-min/week was calculated by summing the walking, moderate and heavy METs-
min/week scores. 
 
Categorical score: 
 Low activity:   
 If no activity was reported or some activity was reported but not enough to meet categories “moderate activity” 
and “heavy activity”. 
 
 Moderate activity: 
Either of the following  a) 3 or more days of vigorous activity of at least 20 minutes per day  OR 
                                             b) 5 or more days of any moderate-intensity activity and/or walking of at least 30 minutes 
per day OR 
                                             c) 5 or more days of any combination of walking, moderate-intensity or vigorous-intensity 
activities achieving a minimum of at least 600 METs-minutes/week. 
 Heavy activity: 
Any of the following:     a) Vigorous-intensity activity on at least 3 days and accumulation at least 1500 METs-
minutes/week OR 
                                             b) 7 or more of any combination of walking, moderate – or vigorous-intensity activities 
accumulation at least 3000 METs-minutes/week. 
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BF% is another body fatness indicator that was used in this study. To our knowledge there are no 
validated cutoff points for BF% (Ho-Pham et al, 2011); therefore, BF% was categorised according to the 
American Council on Exercise guidelines as in Table 1. 
WC and W-H ratio were used as regional body fatness indices. Since there are no specific cutoff points 
for the Middle East population, Alberti et al (2006) and the WHO report (2008a) recommended that the 
European data should be used until more specific data are available in the Middle East region. According 
to the European cutoff points a WC of ≥94 cm for males and ≥80 cm for females are considered as 
central obesity. The W-H ratio is calculated. Obesity is determined if the ratio is >0.90 for men and >0.85 
for women (WHO, 2008a).  
8.2.4. Prevalence of specified diseases. 
Individuals were asked to self-report if they were diagnosed before their QBB appointment by a doctor 
with diabetes, hypertension, high cholesterol and CVD (stroke and/or heart attack) by a question in the 
general questionnaire (No/ Yes). Those who answered “Yes” are identified as subjects with diagnosed 
diabetes, hypertension, high cholesterol and CVD accordingly. Information on whether the subjects who 
reported to have the specified diseases are on treatment for these diseases (No/ Yes) was presented. 
The prevalence of the diagnosed specified diseases (for example, diabetes) was calculated by dividing 
the number of subjects with diabetes over the total sample population who answered the history of 
diabetes question excluding subjects who preferred not to answer or answered as do not remember. 
Participants who self-reported that they had not been diagnosed before their QBB appointment by a 
doctor with diabetes, hypertension or high cholesterol but are identified with measured HbA1c level of 
≥6.5% (≥48 mmol/mol) (WHO, 2011b), blood pressure of ≥140/90 mmHg (James et al, 2014) and TC ≥5.0 
mmol/L (Haj Bakri and Al-Thani, 2013) are considered to have undiagnosed diabetes, hypertension and 
high cholesterol respectively. HbA1c (%) was converted to (mmol/mol) using the following equation: 
HbA1c (mmol/mol)= (HbA1c%-2.5) X 10.929. The prevalence of the undiagnosed specified diseases was 
calculated by dividing the number of subjects who reported not to have the specified disease over the 
total number of the sample population who answered the history of the specified disease question 
excluding subjects who preferred not to answer. 
 
Information about family history of diseases (diabetes, hypertension, obesity and CVD) was obtained via 
the nurse interview questionnaire. The questions asked were: 1) Has your mother been diagnosed by a 
doctor with diabetes and/or hypertension and/or obesity and/or heart attack and/or stroke? 2) Has your 
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father been diagnosed by a doctor with diabetes and/or hypertension and/or obesity and/or heart 
attack and/or stroke? 
8.2.5. Fasting hours.  
Although the participants were advised to fast prior to their QBB appointment it was not feasible for 
such a large population study to prevent individuals from participating because they were not fasting, 
especially because the QBB was in the pilot phase and building its brand in a community that 
volunteering for research was not familiar.  
 
The exact time of blood collection was not specified in the QBB database; however, blood collection is 
normally scheduled 1.5 hours after the start of the QBB appointment. Therefore, the estimated fasting 
hours were calculated as the difference between the date and time of the QBB appointment and the 
date and time of the last meal or drink (except water) the participants had before their appointment 
then 1.5 hours are added to the result. The formula used = ((date and time of the appointment) – (last 
time ate or drank anything other than water)*24) + 1.5 hours. The Excel programme was used to 
calculate this variable. According to UK Biobank (UK Biobank, 2007), a participant is considered fasting if 
he/she did not eat or drink anything except water for at least four hours prior blood collection.  
8.2.6. The metabolic syndrome.  
The MetS prevalence among the Qatari men and women of the QBB pilot phase was estimated 
according to the NCEP ATPIII (Expert Panel on Detection, Evaluation and Treatment of High Blood 
Cholesterol in Adults, 2001) with the updated glucose cut off point from Grundy et al (2005), the IDF 
(Alberti et al, 2006) and the harmonised criteria (Alberti et al, 2009) (Table 3). The NCEP ATPIII and the 
IDF definitions were the most commonly used criteria in the literature. Applying them in this study 
might facilitate the comparison between the yielded results and the previous local and regional studies 
findings, taking into consideration that in this study the MetS prevalence was estimated among the total 
study sample (N=879) of which glucose and lipids levels were measured from random blood samples 
rather than fasting blood samples. As the most updated definition, using the harmonised criteria will 
allow the results of this study to be comparable with the most recent and future studies. 
8.2.7. Obesity subgroups. 
The study sample population was classified into four groups according to their BMI and metabolic health 
status (Table 7). The four groups were identified as MHN, MAN, MHO and MAO. The normal weight was 
specified as a BMI ≥18.5 - 24.9 kg/m2 and obese as a BMI ≥30 kg/m2. Underweight <18.5 kg/m2 and 
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overweight ≥25- <30 kg/m2 subjects were not included in this analysis. The metabolic health status was 
assessed according to the absence or presence of at least one of the metabolic components used to 
define the MetS according to the harmonised criteria. Normal weight and obese individuals were 
categorised as MAN and MAO respectively if they had one or more of the following MetS risk factors: TG 
≥1.7 mmol/L, HDL <1.03 mmol/L for men and <1.29 mmol/L for women or on treatment for high 
cholesterol, glucose ≥5.6 mmol/L or on treatment for diabetes, and blood pressure ≥130/85 mmHg or 
on antihypertensive drug treatment (Alberti et al, 2009). If none of the MetS components were present 
then subjects were classified as MHN and MHO accordingly.  
 
 
 
 
Table 7. Classification of the obesity subgroups based on body mass index and metabolic health status.  
 
 
 
 
 
 
 
 
 
      * The harmonised guidelines were specified by Alberti and colleagues (2009) and are presented in Table 3. 
 
 
 
 
8.3. Statistical analyses. 
The Statistical package STATA version 12 was used to conduct all of the statistical analyses. P values 
<0.05 were considered significant for all of the statistical analyses used in the current study. 
 
 
Obesity Subgroups Body Mass Index (BMI) 
 
Metabolic health status 
Metabolically-healthy normal 
weight (MHN) 
≥ 18.5 – 24.9 kg/m
2
 None of the metabolic syndrome 
components defined by the 
harmonised guidelines *. 
Metabolically-abnormal normal 
weight (MAN) 
≥ 18.5 – 24.9 kg/m
2
 At least one of the metabolic 
syndrome components defined 
by the harmonised guidelines *. 
Metabolically-healthy obese 
(MHO) 
≥ 30 kg/m
2
 None of the metabolic syndrome 
components defined by the 
harmonised guidelines *. 
Metabolically-abnormal obese 
(MAO) 
≥ 30 kg/m
2
 At least one of the metabolic 
syndrome components defined 
by the harmonised guidelines *. 
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8.3.1. Statistical methods used to investigate descriptive characteristics. 
Continuous variables were expressed as means with (±SD) whereas categorical variables were expressed 
as numbers and percentages (%). Differences between males and females were examined using 
Student’s t-test or Wilcoxon rank-sum test for continuous variables and Chi2 test or Fisher’s exact test 
for categorical variables. An extension of Wilcoxon rank-sum test was used to test for trends of the 
specified diseases by age. Chi2 tests were used to examine the difference between subjects who were on 
treatment for diabetes, hypertension and high cholesterol and those without treatment regarding their 
measured HbA1c, blood pressure and TC levels as applicable. Normal distribution of the variables was 
tested using Skewness-Kurtosis test and histograms. In order to approximate a normal distribution, TG, 
HDL, TC, glucose, C-peptide, and insulin were transformed using the natural logarithm before applying 
the Student’s t-test. From here on, any variable that has a prefix of “Ln-” means it has been transformed 
by the natural logarithm, for example, Ln-C-peptide. 
8.3.2. Statistical methods used to investigate features of the metabolic syndrome and its 
determinants.  
The prevalence of the MetS determinants (abnormal levels of glucose, TG, HDL, blood pressure and 
central obesity) was estimated by gender using the NCEP ATPIII, IDF and harmonised criteria. Using the 
harmonised definition is expected to yield the same results to that when using the IDF definition due to 
the similar determinants’ cutoff points. The prevalence of MetS determinants was calculated by dividing 
the number of subjects with the determinant over the total number of subjects who had results for this 
specific determinant; for example, the prevalence of high TG was calculated by dividing the number of 
cases with abnormal levels of TG over the total number of subjects that had blood results for TG. The 
number of the MetS determinants in each participant was calculated by gender and BMI status. Chi2 
tests were used to test for difference in the prevalence and number of the MetS determinants by 
gender and BMI status.  
The prevalence of the MetS was estimated by dividing the number of cases over the total number of 
participants that had results for the MetS determinants. Furthermore, Chi2 tests were used to test for 
differences between genders regarding the prevalence of the MetS. Additionally, the number of subjects 
that met the criteria of one of the specified MetS definitions only, 2 of the definitions and all of the 
definitions was stated in order to identify the definition that is able to detect most of the MetS cases. 
There were several participants with missing values for multiple components of the MetS. In some cases 
it was possible to ascertain their metabolic status as either healthy or affected with MetS by applying 
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additional conditions on how to handle the missing information (detailed descriptions given in Table 8); 
however, when it was not possible to identify the participant’s metabolic status the MetS status was left 
as missing. 
The distribution of the MetS across age, gender and BMI category was investigated using the 
harmonised definition. First, the participants were categorised to four age groups (<35, 35-44, 45-54 and 
≥55 years). Then, the prevalence of MetS was estimated in each age group by gender. In addition, the 
prevalence of the MetS was estimated for each of the BMI categories (underweight, normal, 
overweight, and obese). The prevalence was calculated by dividing the total number of subjects with the 
MetS in a specific age/BMI group over the total number of subjects in this age/BMI group accordingly. 
Difference in the MetS prevalence between groups was tested by the Chi2 test. Age-adjusted prevalence 
of the MetS from the current study was compared with the findings of two local studies by Bener and 
colleagues (2009b) and Bener and associates (2013). 
The association of having the MetS with established CVD risk factors including age, gender, BMI, and 
physical activity was investigated by calculating the odds for increased age (compared to <35 years), 
gender (compared to females), BMI category (compared to ≥18 to <25 kg/m2) and physical activity 
status (compared to none or low activity category) using logistic regression models. The logistic 
regression models were adjusted for age, gender, education level, BMI status and physical activity. 
These confounders were selected a priori from the literature as being established risk factors for the 
MetS determinants as discussed in Part 1 of this thesis. 
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Table 8: Methods used to ascertain the metabolic syndrome status for subjects with missing values for the metabolic syndrome determinants when using 
the NCEP ATPIII, IDF and harmonised criteria.  
Criteria NCEP ATP III* IDF** Harmonised Definition *** 
Method  4 subjects had only 1 missing components 
and the rest of the components were normal 
 considered Healthy. 
 20 subjects had at least 3 missing 
components  considered Missing. 
 17 subjects had at least three 
components missing  considered 
Missing 
 2 subjects had missing waist size  
considered Missing. 
 2 subject had 2 abnormal, at least 2 
missing components and abdominal 
obesity  considered MetS 
 2 subject had 2 abnormal, at least 2 
missing components and normal 
waist size  considered Healthy 
 2 subjects had only 1 missing values 
for their blood pressure  
considered Healthy. 
 4 subjects had only 1 missing components 
and the rest of the components were 
normal  considered Healthy. 
 1 subject had 2 abnormal, 1 normal, and 2 
missing components  considered 
Missing 
 1 subject had 3 abnormal and 2 missing 
components  considered MetS 
 17 subjects had at least 3 components 
missing  considered Missing. 
* The National Cholesterol Education Programme’s Adult Treatment Panel III
 
(Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults, 2001),     
** International Diabetes Federation (Alberti et al, 2006), *** (Alberti et al, 2009). 
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8.3.3. Statistical methods used to investigate multiple obesity subgroups. 
The specified obesity subgroups were described regarding selected characteristics including 
demographic, anthropometric measures, blood pressure, physical activity, and smoking. Moreover, 
since the QBB project has extensive panels of biomarkers measured, exploratory analyses were 
conducted on fifty-eight available biomarkers of metabolic health that are listed in Table 9. Categorical 
variables were reported as proportions, while continuous variables were reported as means ± SD.  
In addition to TC, HDL, TG, insulin, glucose, C-peptide that were transformed earlier, alanine 
transaminase (ALT), aspartate transaminase (AST), gamma-glutamyl transferase (GGT), uric acid, vitamin 
D, creatine kinase (CPK), vitamin B12, and sex hormone binding globulin (SHBG) were transformed using 
the natural logarithm as well after being tested by histograms and Skewness-Kurtosis test. Differences in 
selected characteristics across the obesity subgroups were tested using MHN or MHO as the reference 
group. Chi2 or Fisher’s exact tests were used to examine differences in proportions between two groups. 
General linear models (GLM) with post hoc Bonferroni correction for multiple comparisons were used to 
assess differences between groups for continuous variables. The GLM models were adjusted for age, 
gender and fasting status as applicable. Fasting status was not included in the GLM models if the 
biomarker was not influenced by fasting; therefore, fasting hours was not included in the GLM models 
for HbA1c, fibrinogen, vitamin D, calcium, muscle markers, magnesium, ferritin, blood count variables, 
differential white cell count variables and oestradiol.  
 
 
Table 9. List of selected characteristics used to examine the specified obesity subgroups. 
Characteristic group Specified characteristics 
Demographics  Age 
 Gender 
 Education level 
Anthropometrics   Body Fat % (BF%) 
 Waist Circumference (WC) 
 Waist-Hip ratio (W-H ratio) 
Blood pressure measurements  Systolic Blood Pressure (SBP) 
 Diastolic Blood Pressure (DBP) 
Lifestyle habits  Physical activity  
 Smoking  
Lipid profile  Total Cholesterol (TC) 
 High Density Lipoprotein (HDL) 
 Low Density Lipoprotein (LDL) 
 Triglycerides  (TG) 
Diabetes variables   Insulin 
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 Random glucose 
 HbA1c  
 C-peptide 
Inflammation markers   Fibrinogen 
 Homocysteine  
Liver function variables  
 
 Alkaline Phosphatase (ALP) 
 Alanine Transaminase (ALT) 
 Aspartate Transaminase (AST) 
 Gamma-Glutamyl Transferase (GGT) 
 Total bilirubin  
 Total protein  
 Albumin  
Bone and joint markers  Uric acid 
 Vitamin D 
 Calcium 
 Phosphate  
Coagulation tests  Prothrombin time  
 International normalized ratio  
 Partial thromboplastin time  
Electrolytes and renal tests  Sodium 
 Potassium 
 Chloride 
 Bicarbonate 
 Urea 
 Creatinine 
Muscle markers  Creatine Kinase (CPK) 
 Myoglobin 
Minerals   Iron 
 Total Iron Binding Capacity  (TIBC) 
 Magnesium  
 Ferritin 
Vitamins  Folate  
 Vitamin B12 
Blood count  Haemoglobin  
 Haematocrit 
 Red Blood Cell (RBC)  
 Platelets 
 Mean Corpuscular Volume (MCV)  
 Mean Corpuscular Hemoglobin (MCH)  
 Mean Corpuscular Hemoglobin Concentration 
(MCHC)  
 Mean Platelets Volume (MPV) 
Differential white cells count  White Blood Cell (WBC)  
 Lymphocytes  
 Monocytes  
 Neutrophil  
 Eosinophils  
 Basophils 
Gender-related hormones  Sex Hormone Binding Globulin (SHBG) 
 Testosterone 
 Oestradiol 
Thyroid function tests  Triiodothyronine (T3) 
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 Thyroxine (T4) 
 Thyroid-Stimulating Hormone (TSH) 
 
 
8.3.4. Statistical methods used to investigate the association of body fatness indices with C-
peptide and HbA1c. 
Among the total study population, 852 subjects had results for measured C-peptide and 815 had results 
for measured HbA1c. The distributions of serum C-peptide and HbA1c were examined by gender, age 
group, multiple body fatness indices categories including BMI (<18.5 kg/m2, ≥18.5 – 24.9 kg/m2, ≥25– 
29.9 kg/m2 and ≥30 kg/m2), BF% (male: essential fat = 2-5%, athletes = 6-13%, fitness =14-17%, average= 
18-24% and obese = 25 and above; and females: essential fat = 10-13%, athletes = 14-20%, fitness =21-
24%, average= 25-31% and obese = 32 and above), WC (males: <94 cm and ≥94 cm; and females: <80 cm 
and ≥80 cm), W-H ratio (males: <0.9 and ≥0.9; and females: <0.85 and ≥0.85) and self-reported history 
of diabetes. The mean levels of C-peptide and HbA1c along with ±SD were reported for each category. 
The differences between means were investigated among the specified categories using Student’s t-test 
when comparing two groups or Analysis of Variance (ANOVA) with post hoc adjustment for polynomial 
contrast analysis for linear trend when comparing trend among three or more groups.  
The association between each of the insulin sensitivity biomarkers (C-peptide and HbA1c), as 
independent variables, with each of the body fatness indices (BMI, BF%, WC and W-H ratio), as 
dependent variables, was examined using multiple linear regression models. Model-1 included 
adjustments for age, gender, education level, smoking habit, physical activity and history of diabetes. 
Model-2 included further adjustments for TG, HDL, LDL, SBP, DBP, glycaemia and either C-peptide or 
HbA1c (as applicable). Model-3 (for C-peptide analyses only) included further adjustment for fasting 
status. The fully adjusted model for C-peptide is Model-3, whereas, for HbA1c it is Model-2. An extra 
regression model was conducted (Model-4 for C-peptide and Model-3 for HbA1c) to test the association 
between WC and the specified insulin sensitivity biomarkers independent of BMI by adjusting for BMI in 
the regression model. The confounders were selected a priori from the literature by being associated 
with both the dependent and independent variables. In order to identify which of the selected 
covariates has the strongest confounding effect on the association between the dependent and 
independent variable in this study population, sequential additions of potential confounders were 
made. The transformed version of C-peptide, TG, HDL, and glycaemia were used in the regression 
models.  
 86 
Effect modifiers were selected a priori from the literature. The potential effect modification of gender, 
history of diabetes and fasting status on the association between the specified insulin sensitivity 
biomarkers and the body fatness indices was investigated. The effect modification was tested by 
inclusion of an interaction term (specified insulin sensitivity biomarker X potential effect modifier) in the 
fully adjusted regression models (Model-3 for C-peptide and Model-2 for HbA1c). The effect 
modification of fasting hours was not tested in the HbA1c models because HbA1c concentration is not 
affected by fasting.  
The mediatory effect of glycaemia on the association between C-peptide and the selected body fatness 
indices was explored. First, the Sobel test (Figure 3) was used to determine the influence and 
significance of glycaemia individually on the associations between C-peptide and the body fatness 
indices. Second, the effect of inclusion/exclusion of glycaemia form the fully adjusted regression models 
(Model-3) was investigated in order to examine the importance of this pathway on the association 
between the dependent and independent variables while adjusted for other covariates.  
 
Figure 3. The process used to assess mediation effect in the Sobel test (Sobel, 1986). 
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8.3.5. Statistical methods used to investigate the association of body fatness indices with 
fibrinogen. 
Among the total study population, 852 subjects had results for measured fibrinogen. The distribution of 
plasma fibrinogen was examined by age group, gender, multiple body fatness indicators status including 
BMI (underweight, normal weight, overweight and obese), BF% (male: essential fat = 2-5%, athletes = 6-
13%, fitness =14-17%, average= 18-24% and obese = 25 and above; and females: essential fat = 10-13%, 
athletes = 14-20%, fitness =21-24%, average= 25-31% and obese = 32 and above), WC (males: <94 cm 
and ≥94 cm; and females: <80 cm and ≥80 cm), W-H ratio (males: <0.9 and ≥0.9; and females: <0.85 and 
≥0.85) smoking, and self-reported history of diabetes. The mean fibrinogen level along with ±SD was 
reported for each category. Moreover, differences between fibrinogen levels were examined among the 
specified categories using Student’s t-test when comparing two groups or ANOVA with post hoc 
adjustment for polynomial contrast analysis for linear trend when comparing trend between three or 
more groups.  
Adjusted multiple linear regression analyses were conducted to examine the association between 
plasma fibrinogen and the body fatness indicators (BMI, WC, W-H ratio and BF%). Various regression 
models with adjustment for multiple confounders were investigated. Model-1 included adjustment for 
age, gender, education level, physical activity, smoking and history of diabetes. Model-2 included further 
adjustment for TG, LDL, HDL, SBP, DBP and albumin. In addition, Model-3 included further adjustment 
for BMI (in the WC analysis only). The confounders were selected a priori from the literature by being 
significantly associated with the dependent variable (body fatness indicator) and the independent 
variable (fibrinogen) of the regression models. Stepwise regression models were conducted to identify 
the strongest confounders in this study population. Analyses on whether gender and self-reported 
history of diabetes were modifying the association between the body fatness indicators and fibrinogen 
were made by introducing interaction terms into the regression models.  
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CHAPTER 9: Conducting pilot phase for the Qatar Biobank. 
 
 
 
9.1. Involvement with the Qatar Biobank. 
The investigator of the current study was involved with the QBB project from May 2011 to October 
2013. This chapter aims to briefly identify the different tasks and responsibilities that the investigator 
was involved in. The investigator volunteered to take part as a study subject in the pre-pilot phase and 
the pilot phase of the QBB project in order to fully understand the participants’ journey during the QBB 
appointments. The QBB appointment includes participants’ registration, submitting an informed 
consent, data and samples collection, and reporting feedback. The term “investigator” in this chapter 
refers to the investigator of this study. 
 
9.1.1. Questionnaire development. 
The investigator contributed to the development of the general questionnaire, nurse-interview 
questionnaire, dietary questionnaire, and the cognitive function test. There were different types of 
contribution. The investigator participated in a focus group discussion in order to review the initial draft 
of the general questionnaire and provided feedback on culturally sensitive questions and on the 
enablers and obstacles of encouraging the Qatari population to accept the idea of participating in the 
QBB project. The investigator was involved in searching for validated questions regarding using charcoal-
based essence in the Middle East, as well as questions regarding working night shifts. Another task was 
to review the dietary questionnaire and make sure that all of the food items included are applicable to 
the Qatari population. Furthermore, the investigator provided suggestions to include several traditional 
dishes and region specific drinks such as Karak (boiled milk with tea). The investigator was asked to 
review and edit all of the questionnaires after being translated by a professional translator. The 
investigator was asked to fully translate the cognitive function test.   
 
When the questionnaires and the cognitive function test were uploaded and implemented in the QBB 
computer system, the investigator was asked to go through the questionnaires using multiple scenarios 
in order to identify software bugs and typing mistakes.  
 
The investigator also served to explain the scientific reason behind including some of the controversial 
questions in the general questionnaire and provided recommendations to the QBB project higher 
management (QF team) regarding the importance of including such questions. For example, the 
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question about the individual’s income was thought to be intrusive and unnecessary; however, when 
the investigator explained that it is used to identify the socioeconomic status of the participants, which 
is an important confounder in multiple epidemiological studies, it was decided not to exclude this 
question.  
 
9.1.2. Logistics and administration. 
The investigator attended several meetings as part of the logistical and administrational daily work 
activities in the QBB centre. For instance, along with the QBB weekly meetings for administrative staff, 
the investigator attended multiple meetings regarding legal consultation, information technology, and 
the QBB building interior designing. Moreover, the investigator interviewed candidates in order to 
recruit new staff for the QBB project. Additionally, the investigator was responsible for writing annual 
reports about the QBB activities and achievements, besides developing a form that is used to request 
datasets from the QBB by researchers.  
 
9.1.3. Participants’ recruitment. 
Leading participants’ recruitment was one of the main responsibilities of the investigator in the QBB 
project. Participants were mainly recruited from the QF and HMC. The investigator was responsible for 
initiating formal communication with different departments and centres of QF and the communication 
department of HMC. The investigator conducted presentations in more than 10 different departments 
and centres to invite and encourage the QF and HMC staff to participate in the QBB project. The 
presentations lasted for about 15 minutes followed by a 15 minutes questions and answers session.  
 
The investigator was responsible to receive participant’s online applications and organise appointments 
for them either by emails or phone calls. The investigator developed hard copy and electronic 
participant registration forms, a bilingual reply email text template that included information about the 
date and time of the appointment in addition to a map with directions to the QBB clinic. The investigator 
developed a bilingual feedback survey that all participants are asked to fill in after their QBB 
appointment; in addition, she was responsible for analysing the feedback survey and for reporting the 
results on a monthly basis.  
 
9.1.4. Marketing and media. 
The investigator was involved in multiple marketing activities. First, she was involved in reviewing all of 
the collateral materials including the QBB website content, information leaflets that included general 
information about the QBB project and information about how to participate in the QBB. The 
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investigator reviewed a leaflet designated for scientists that explains how they can benefit from the QBB 
dataset. Second, the investigator was responsible for organising the QBB participation in several events 
including the Qatar Foundation Annual Research Conference in 2012, National Sports day activities in 
2012, and Patients Safety Conference in HMC in 2012; the main aims were to inform the public about 
the QBB project, market the QBB brand, recruit participants and establish collaborations with different 
local institutes and researchers.  
 
On the media side, in addition to reviewing press releases, the investigator was responsible for 
managing the QBB twitter account by reviewing the tweets before they were posted and answering the 
public questions on the QBB social media account. Moreover, the investigator was trained to be a media 
spokesperson on behalf of the QBB project, and has conducted radio interviews about the QBB project.  
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CHAPTER 10:  Descriptive analyses of baseline characteristics. 
 
10.1. Presentation of results. 
10.1.1. Demographic characteristics. 
In February 2014, there were 1,207 participants in the QBB pilot phase. Among those, there were 894 
Qatari participants. Twelve pregnant women were excluded from the study population since pregnancy 
affects their anthropometric measurements, moreover, three subjects were found to have duplicated 
results so the duplicated results were omitted. Thus, the study sample included 879 Qatari individuals of 
whom 568 (64.6%) were women and 311 (35.4%) were men.  
 
Table 10 shows the demographic characteristics of the Qatari participants in the QBB pilot phase 
population. The study population’s age ranged from 18 to 80 years with a mean age of 39.5 (±12.8) 
years. About 43% of the participants were below the age of 35 years. Approximately 70% of the 
participants were married, the percentage of married men were significantly higher than married 
women (81.4% and 64.1% of men and women, respectively, P<0.001). More than half of the participants 
were highly educated; 58.4% of subjects indicated completion of university study and 9.2% indicated 
completion of postgraduate study. On the other hand, only 2.4% of the participants (all of them were 
women) did not attend or did not complete primary school. Men were significantly more educated than 
women (P<0.001). About 54% of participants were in paid employment and men were significantly 
different than women regarding their occupation status (P<0.001); more men were self-employed or 
business owners than women, whereas, more women were retired and unemployed compared to men.  
 
 
 
 
 
 
 
 
 93 
Table 10. Selected demographic characteristics of the Qatari men and women of the Qatar Biobank pilot phase. 
*Differences between males and females were tested using Chi
2
 test for categorical variables and Student’s t-test for the 
continuous variable (age).  P value <0.05 was considered significant.  
Abbreviations: SD= standard deviation. 
 
 
 
 
 
Characteristics Males 
n (%) 
Females 
n (%) 
Total 
N (%) 
P value* 
Number of Qatari participants: 311 (35.4%) 568 (64.6%) 879 (100%) - 
Age (in years), mean (±SD) 
 
Distribution by age categories: 
 <25 years 
 25- 34 years 
 35-44 years 
 45- 54 years 
 ≥ 55 years 
39.5 (±12.7) 
 
 
34 (10.9%) 
97 (31.2%) 
68 (21.9%) 
68 (21.9%) 
44 (14.1%) 
39.4 (±13.0) 
 
 
80 (14.1%) 
169 (29.8%) 
93 (16.4%) 
146 (26.0%) 
78 (13.7%) 
39.5 (±12.8) 
 
 
114 (13.0%) 
266 (30.3%) 
161 (18.3%) 
216 (24.6%) 
122 (13.8%) 
0.87 
 
 
0.16 
Marital status:   
 Single 
 Married 
 Divorced or separated 
 Widowed 
 Missing values 
 
48 (15.4%) 
253 (81.4%) 
9 (2.9%) 
1 (0.3%) 
0  
 
150 (26.5%) 
363 (64.1%) 
31 (5.5%) 
22 (3.9%) 
2  
 
198 (22.6%) 
616 (70.2%) 
40 (4.6%) 
23 (2.6%) 
2  
 
<0.001 
Education level: 
 Did not attend or complete 
primary school 
 Primary school  
 Secondary school 
 Technical or professional 
school less than university 
 University 
 Postgraduate school 
 Missing values 
 
 
0 (0%) 
5 (1.6%) 
14 (4.5%) 
 
61 (19.6%)  
182 (58.5%) 
49 (15.8) 
0 
 
 
21 (3.7%) 
24 (4.3%) 
31 (5.5%) 
 
128 (22.7%) 
329 (58.3%) 
31 (5.5%) 
4  
 
 
21 (2.4%) 
29 (3.3%) 
45 (5.1%) 
 
189 (21.6%) 
511 (58.4%) 
80 (9.2%) 
4  
 
 
<0.001 
Occupation: 
 In paid employment 
 Self employed 
 Business/ company owner 
 Retired 
 Housewife 
 Unemployed 
 Student or trainee 
 None of the above 
 Prefer not to answer  
 Missing value  
 
224 (72.0%) 
13 (4.2%) 
18 (5.8%) 
18 (5.8%) 
- 
4 (1.3%) 
23 (7.4%) 
5 (1.6%) 
6 (1.9%) 
0 
 
250 (44.2%) 
2 (0.4%) 
5 (0.9%) 
80 (14.1%) 
142 (25.1%) 
12 (2.1%) 
59 (10.4%) 
15 (2.6%) 
1 (0.2%) 
2 
 
474 (54.1%) 
15 (1.7%) 
23 (2.6%) 
98 (11.2%) 
142 (16.2%) 
16 (1.8%) 
82 (9.3%) 
20 (2.3%) 
7 (0.8%) 
2  
 
<0.001 
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10.1.2. Physical activity.  
The mean physical activity among the Qatari participants was 1078.0 (± 2128.1) METs-min per week. 
The mean physical activity for men (1455.5 ±2664.5 METs-min per week) was found to be significantly 
greater than that for women (870.9 ± 1836.1 METs-min per week) (P<0.001). Two participants had 
missing values regarding their physical activity and two others were excluded because they had reported 
spending more than 960 min/week doing physical activity. About 74% of participants were categorised 
as practicing low physical activity (67.1% of men and 77.9% of women), whereas 14.5% (15.5% of men 
and 14.0% of women) and 11.4% (17.4% of men and 8.1% of women) were practicing moderate or 
heavy activity respectively. The men were more physically active than women (P<0.001) (Table 11).  
 
 
Table 11. Characteristics of physical activity levels among Qatari men and women. 
Characteristics Males = 311 
n (%) 
Females = 568 
n (%) 
Total = 879 
N (%) 
P value 
Physical activity (METs- minutes per 
week) mean (±SD): 
 
Physical activity levels: 
Low 
Moderate 
Heavy 
Missing 
 
1455.5 (±2664.5) 
 
 
208 (67.1%) 
48 (15.5%) 
54 (17.4%) 
1 
 
870.9 (±1836.1) 
 
 
440 (77.9%) 
79 (14.0%) 
46 (8.1%) 
3 
 
1078.0 (±2128.1) 
 
 
648 (74.1%) 
127 (14.5%) 
100 (11.4%) 
4 
 
<0.001
$
 
 
 
<0.
 
001* 
The difference between males and females was tested using 
$
Student’s t-test for the continuous variable and *Chi
2
 test for the 
categorical variables.  P value <0.05 was considered significant.  
Abbreviations: METs= metabolic equivalent, and SD = standard deviations. 
 
 
 
10.1.3 Smoking habits. 
The majority of women (73.4%) skipped the smoking question probably due to cultural sensitivity 
(results not shown). Among females, 23.9% stated that they have never smoked, 0.9% indicated that 
they were current smokers and 1.8% indicated that they were former smokers. On the other hand, only 
22 men (7.1%) skipped the smoking question, whereas, 44.1% of men had never smoked, 32.5% were 
current smokers and 16.4% were former smokers. Consequently, there was a significantly higher 
number of smokers among men than women (P<0.001).  
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10.1.4. Anthropometry and blood pressure. 
Table 12 shows anthropometric and blood pressure measurements for the Qatari men and women. The 
study population had a mean BMI of 29.03 (± 6.34) kg/m2. A total of 3.1% of the individuals were 
classified as underweight, 22.9% were normal weight, 35.3% were overweight and 38.7% were obese. It 
is worth noting that the percentage of obese participants was substantially higher than the percentage 
of those with normal weight. The prevalence of overweight and obesity was significantly higher in men 
than women (P<0.001).  
 
The mean BF% determined by iDEXA machine, was significantly higher for women (45.75% ± 6.43) than 
for men (34.58% ± 7.47) (P<0.001) (Table 12). More participants were classified as obese when the BF% 
index was used compared to the BMI index; the majority of the women (96.5%) were classified in the 
obese category (BF% ≥32%), whereas only 3.5% of women were classified as average (BF% = 25.0-
31.9%). Similarly, the majority of men (89.2%) were classified as obese based on their BF% (BF% ≥25), 
8.2% were classified as average (BF% = 18.0-24.9%) and 2.5% were classified in the fitness group (BF% = 
14.0-17.9%). A total of 118 individuals did not have results for BF% due to contra indication of the 
possibility of being pregnant or recently had a contrast media radiological examination or the 
participants preferred to skip this examination.  
The mean WC was 84.74 (± 14.40) cm for females and 97.07 (± 13.93) cm for males. About 53.9% of men 
and 62.8% of women were classified as having central obesity (WC ≥94 cm for men and ≥80 cm for 
women) (Table 12).  The mean W-H ratio for men was 0.90 (± 0.06) and for women 0.78 (± 0.08). There 
were 171 men (55.3%) and 108 women (19.1%) who were classified with central obesity according to 
their W-H ratio (≥0.9 and ≥0.85 for men and women, respectively). There was a significant difference 
between males and females regarding their mean WC (P<0.001) and mean W-H ratio (P<0.001).   
The mean SBP and DBP among the study population were 112.82 (± 15.75) mmHg and 75.22 (± 9.98) 
mmHg, respectively (Table 12). Significantly higher means for SBP and DBP in males compared to 
females were identified (SBP = 118.39 (± 12.96) mmHg in men versus 109.77 (± 16.31) mmHg in women, 
P<0.001 and DBP = 76.65 (± 9.10) mmHg in men versus 74.44 (± 10.36) mmHg in women, P= 0.001).   
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 Table 12. Anthropometric and blood pressure measurements among Qatari men and women. 
Differences between males and females regarding their anthropometrics and blood pressure were made by 
$ 
Student’s t-test for 
continuous variables and 
$$
Fisher’s exact tests for categorical variables. P value <0.05 was considered significant.  
Abbreviations: BMI= body mass index, DBP= diastolic blood pressure, SBP= systolic blood pressure, SD = standard deviation, WC= 
waist circumference, and W-H ratio = waist-hip ratio. 
Units abbreviations: cm= centimeters, kg = kilograms, m= meters, mmHg = millimeter mercury, and % = percentage. 
 
Characteristics Males = 311 Females= 568 Total= 879 P value 
Height (m), mean (±SD) 1.72 (±0.06) 1.58 (±0.06) 1.63 (±0.09) - 
Weight (kg), mean (±SD) 86.06 (±18.09) 72.51 (±16.84) 77.31 (±18.46) - 
BMI, mean (±SD) 
Distribution by BMI categories, n (%): 
 Underweight (<18.5 kg/m
2
) 
 Normal (≥18.5 – 24.9 kg/m
2
) 
 Overweight (≥25– 29.9 kg/m
2
) 
 Obese (≥ 30 kg/m
2
) 
 Missing  
28. 89(±5.61) 
 
4 (1.3%) 
64 (20.6%) 
140 (45.2%) 
102 (32.9%) 
1 
29.11 (±6.71) 
 
23 (4.1%) 
137 (24.2%) 
169 (29.9%) 
237 (41.9%) 
2 
29.03 (±6.34) 
 
27 (3.1%) 
201 (22.9%) 
309 (35.3%) 
339 (38.7%) 
3 
0.61
$ 
 
<0.001
$$
 
 
Percent Body Fat (BF%), mean (±SD) 
Distribution by BF % categories, n (%): 
Men: 
 Essential fat (2.0-5.9%) 
 Athletes (6.0-13.9%) 
 Fitness (14.0-17.9%) 
 Average (18.0-24.9%) 
 Obese (≥25%) 
 Missing 
Women: 
 Essential fat (10.0-13.9%) 
 Athletes (14.0-20.9%) 
 Fitness (21.0-24.9%) 
 Average (25.0-31.9%) 
 Obese (≥32%) 
 Missing 
34.58 (±7.47) 
 
 
0 (0%) 
0 (0%) 
7 (2.5%) 
23 (8.2%) 
249 (89.3%) 
32 
 
 
- 
- 
- 
- 
- 
- 
45.75 (±6.43) 
 
 
- 
- 
- 
- 
- 
- 
 
 
0 (0%) 
0 (0%) 
0 (0%) 
17 (3.5%) 
465 (96.5%) 
86 
41.65 (±8.69) 
 
 
- 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
- 
<0.001
$ 
 
 
 
WC, mean (±SD) 
Distribution by WC categories, n (%): 
Men: 
 <94 cm 
 ≥94 cm 
 Missing   
Women: 
 <80 cm 
 ≥80 cm 
 Missing 
97.07 (±13.93) 
 
 
143 (46.1%) 
167(53.9%) 
1 
 
- 
- 
84.74 (±14.40) 
 
 
- 
- 
 
 
210 (37.2%) 
354 (62.8%) 
4 
89.11 (±15.40) 
 
 
- 
- 
 
 
- 
- 
<0.001
$ 
 
W-H ratio, mean (±SD) 
Distribution by W-H ratio categories, n (%): 
Men: 
 <0.9  
 ≥0.9  
 Missing  
Women: 
 <0.85  
 ≥0.85  
 Missing  
0.90 (±0.06) 
 
 
138 (44.7%) 
171 (55.3%) 
2 
 
- 
- 
 
0.78 (±0.08) 
 
 
- 
- 
 
 
456 (80.9%) 
108 (19.1%) 
4 
0.82 (±0.09) 
 
 
- 
- 
 
 
- 
- 
<0.001
$
 
 
Blood pressure: 
SBP (mmHg), mean (±SD) 
 DBP (mmHg), mean (±SD) 
 
118.39 (±12.96) 
76.65 (±9.10) 
 
109.77 (±16.31) 
74.44 (±10.36) 
 
112.82 (±15.75) 
75.22 (±9.98) 
 
<0.001
$
 
0.001
$
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10.1.5. Selected cardiovascular risk factors. 
Mean concentration of selected CVD risk factors are listed in Table 13 stratified by gender. The mean 
level of C-peptide, HbA1c, glucose, and insulin among the study population were 2.71 (±1.62) ng/ml, 
39.88 (±12.86) mmol/mol, 5.51 (±2.03) mmol/L and 13.20 (±14.81) μU/ml, respectively. Men had 
significantly higher C-peptide (P=0.032) compared to women. Men were characterised with lower 
fibrinogen level relative to women (men: 2.92 ±0.59 g/L; and women: 3.18 (±0.64) g/L, P<0.001). 
Additionally, men had lower HDL (men: 1.18 ±0.27 mmol/L; and women: 1.49 (±0.36) mmol/L, P<0.001) 
and significantly higher TG compared to women (men: 1.56 ±0.88 mmol/L; and women: 1.20 ±0.71 
mmol/L, P= <0.001). Men had elevated levels of LDL compared to women (men: 3.27 ±0.87 mmol/L; and 
women: 2.97 ±0.81 mmol/L, P<0.001). Several participants had missing values for some biomarker 
concentration results.  
 
Table 13. Levels of established cardiovascular risk factors among Qatari men and women. 
Biomarkers 
 
Males  
Mean (±SD) 
Females 
Mean (±SD) 
Total 
Mean (±SD) 
P value 
 
C-peptide (ng/ml) 
Missing  
2.86 (±1.75) 
6 
2.62 (±1.53)  
21 
2.71 (±1.62) 
27 
P= 0.032
 
 
HbA1c (mmol/mol) 
Missing  
40.36 (±14.53) 
16 
39.60 (±11.81) 
48 
39.88 (±12.86) 
64 
P=0.41 
Glucose  (mmol/L) 
Missing 
5.63 (±2.05) 
4 
5.45 (±2.01) 
16  
5.51 (±2.03) 
20 
P= 0.20  
 
Insulin  (μU/ml) 
Missing 
14.35 (±17.54)  
6 
12.56 (±12.99)  
27 
13.20 (±14.81) 
33 
P= 0.09 
Fibrinogen (g/L) 
Missing 
2.92 (±0.59) 
8 
3.18 (±0.64) 
20 
3.09 (±0.64) 
28 
P<0.001 
High density lipoprotein (mmol/L) 
Missing 
1.18 (±0.27) 
4 
1.49 (±0.36)  
16 
1.38 (±0.36) 
20 
P<0.001
 
 
Total cholesterol (mmol/L)  
Missing 
5.01 (±0.95) 
4 
4.90 (±0.92) 
16  
4.94 (±0.93) 
20 
P= 0.12
 
 
Triglyceride (mmol/L) 
Missing 
1.56 (±0.88)  
4 
1.20 (±0.71)  
16 
1.33 (±0.79) 
20 
P<0.001
 
 
Low density lipoprotein (mmol/L) 
Missing 
3.27 (±0.87) 
4 
2.97 (±0.81)  
16 
3.08 (±0.84) 
20 
P<0.001
 
 
To ensure normal distribution C-peptide, glucose, insulin, triglycerides, high density lipoprotein, and total cholesterol were 
transformed using the natural logarithm to test for differences between means.
 
 Student’s t-test was used to test for differences 
between males and females. P value <0.05 was considered significant.  
Abbreviations: SD = Standard deviation.  
Units abbreviations: g/L = gram per liter, mmol/L = millimol per liter, mmol/mol= millimol per mol, μmol/L = micromole per liter, 
μU/ml= micro-unit per milliliter and ng/ml = nano-gram per milliliter. 
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10.1.6. Prevalence of diagnosed and undiagnosed specified diseases. 
The prevalence of previously diagnosed (self-reported) diabetes, hypertension, high cholesterol and CVD 
in the total population and by age among Qatari men and women of the QBB pilot phase is shown in 
Table 14. The disease prevalence shown here did not include participants who preferred not to answer 
or do not remember or had missing values. Among the diseases and conditions queried, the most 
common was high cholesterol, with a prevalence of 35.2% (38.8% of men and 33.3% of women). The 
prevalence of diabetes was 14.8% (14.9% of men and 14.8% of women). The prevalence of hypertension 
was 15.7% (18.8% of men and 14.0% of women). The prevalence of having CVD was the lowest with 
0.9% (0.3% of men and 1.3% of women). There was no significant difference between males and females 
regarding the prevalence of reported diabetes, hypertension, high cholesterol and CVD. The prevalence 
of the specified diseases increased with age among both males and females (P for trend ≤0.01 for all). 
 
The prevalence of undiagnosed diabetes (HbA1c ≥6.5%) was 2.0% among the total sample that had no 
subjects with missing information for history of diabetes and measured HbA1c (n=810) (Table 15). Fifty 
percent of those identified with undiagnosed diabetes were men and almost all of them were ≥38 years 
old; only 1 male was younger than this at 32 years old (results not shown).  
The prevalence of undiagnosed hypertension (SBP ≥140 mmHg or DBP ≥90 mmHg) was 5.8% among the 
total sample with complete information for history of hypertension and measured blood pressure 
(n=869). More than half of the participants with undiagnosed hypertension were females (66.6%) and 
their age ranged from 27 to 73 years (results not shown). 
The prevalence of undiagnosed high cholesterol (TC ≥5.0 mmol/L) was 22.6% among the total sample 
with complete information for history of high cholesterol and measured TC (n=820). About 64% of the 
participants with undiagnosed high cholesterol were females and their age ranged from 18-79 years 
(results not shown). 
Among those who reported to have diabetes (n=119), 34.5% (5.1% of total sample) had good control of 
their HbA1c level (HbA1c <6.5%), whereas, 65.5% (9.6% of total sample) had poor control (HbA1c ≥6.5%) 
(Table 15). Significantly more subjects that were on treatment for diabetes were characterised with poor 
control of their HbA1c level compared to subjects that were without treatment (P=0.001). Among those 
who reported to have hypertension (n=137), 66.4% (10.5% of total sample) had good control of their 
blood pressure (<140/90 mmHg) and 33.6% (5.3% of total sample) had poor control of their blood 
pressure (≥140/90 mmHg). Subjects that were on treatment for hypertension had similar mean blood 
pressure to that of subjects without treatment. Among those who reported to have high cholesterol 
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(n=291), 41.2% (14.6% of total sample) had good control of their TC (<5 mmol/L) and 58.8% (20.9% of 
total sample) had poor control of their TC (≥5 mmol/L). Significantly more subjects that were on 
treatment for high cholesterol were characterised with good control of their TC levels compared to 
subjects that were without treatment (P<0.001). Approximately, 33% of subjects with a history of high 
cholesterol were not on treatment for this condition (results not shown).  
The percentage of missing information regarding family history of the specified diseases and conditions 
among the total study population was high, ranging from 28.5% for diabetes to 65.8% for obesity 
(results not shown). Among those who answered, 31.8% indicated that both of their parents had 
diabetes, and about 55.7% indicated one of their parents had diabetes (Table 16). More subjects (35.3%) 
indicated that only their mothers had hypertension, compared to those answered as only their fathers 
had hypertension (23.8%), whereas, 28.8% stated that both of their parents had hypertension. The 
prevalence of subjects with obese mothers was recorded as 45.7%, 17.3% had obese fathers only and 
11.0% stated both of their parents were obese. None of the subjects indicated that their mothers only 
had a history of CVD, whereas 58.9% and 41.1% indicated their fathers only and both of their parents 
respectively had a history of CVD. There was a significant difference between males and females 
regarding family history of CVD only (P=0.01). 
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Table 14. Prevalence of self-reported diabetes, hypertension, high cholesterol and cardiovascular diseases 
among the total population and by age group. 
Characteristics Males= 311 
n (Prevalence) 
Females= 568 
n (Prevalence) 
Total=879 
N (Prevalence) 
P value* 
1. Diabetes
$
: 
 No 
 Yes  
 
Diabetes by age: 
<40 years 
40 – 49 years 
50 – 59 years 
≥60 years 
                                      P for trend =           
2. Hypertension
$$
: 
 No 
 Yes  
  
Hypertension by age: 
<40 years 
40 – 49 years 
50 – 59 years 
≥60 years 
                                      P for trend =           
High cholesterol 
$$$
: 
 No 
 Yes  
 
High cholesterol by age: 
<40 years 
40 – 49 years 
50 – 59 years 
≥60 years 
                                       P for trend =           
Cardiovascular diseases 
$$$$
: 
No 
Yes 
 
Cardiovascular diseases by age: 
<40 years 
40 – 49 years 
50 – 59 years 
≥60 years 
                                         P for trend =           
 
263 (85.1%) 
46 (14.9%) 
 
 
6 (3.7%) 
15 (22.1%) 
14 (25.0%) 
11 (52.4%) 
<0.001 
 
250 (81.2%) 
58 (18.8%) 
 
 
17 (10.4%) 
14 (20.6%) 
20 (35.7%) 
7 (33.3%) 
<0.001 
 
178 (61.2%) 
113 (38.8%) 
 
 
35 (22.9%) 
33 (50.8%) 
32 (60.4%) 
13 (65.0%) 
<0.001 
 
306 (99.7%) 
1 (0.3%) 
 
 
0 (0.0%) 
0 (0.0%) 
1 (1.8%) 
0 (0.0%) 
- 
 
479 (85.2%) 
83 (14.8%) 
 
 
12 (4.2%) 
14 (11.1%) 
43 (36.8%) 
14 (45.2%) 
<0.001 
 
485 (86.0%) 
79 (14.0%) 
 
 
12 (4.2%) 
22 (17.5%) 
32 (26.9%) 
13 (41.9%) 
<0.001 
 
364 (66.7%) 
182(33.3%) 
 
 
36 (12.9%) 
48 (40.3%) 
74 (63.2%) 
24 (77.4%) 
<0.001 
 
547 (98.7%) 
7 (1.3%) 
 
 
0 (0.0%) 
1 (0.8%) 
4 (3.5%) 
2 (6.5%) 
=0.01 
 
742 (85.2%) 
129 (14.8%) 
 
 
18 (4.0%) 
29 (14.9%) 
57 (32.9%) 
25 (48.0%) 
<0.001 
 
735 (84.3%) 
137 (15.7%) 
 
 
29 (6.4%) 
36 (18.6%) 
52 (29.7%) 
20 (38.5%) 
<0.001 
 
542 (64.8%) 
295 (35.2%) 
 
 
71 (16.4%) 
81 (44.0%) 
106 (62.4%) 
37 (72.5%) 
<0.001 
 
853 (99.1%) 
8 (0.9%) 
 
 
0 (0.0%) 
1 (0.5%) 
5 (2.9%) 
2 (3.8%) 
=0.008 
 
0.77 
 
 
 
0.06 
 
 
 
 
 
0.06 
 
 
 
0.25 
 
 
 
 
 
0.11
 
 
 
 
0.07 
 
 
 
 
 
0.27 
 
 
 
1.0 
The diseases prevalence and P values were calculated excluding missing values and individual who prefer not to answer or do 
not remember, *Chi
2
 or Fisher’s exact tests were used to test for differences between males and females regarding history of 
diseases. P value for trend was calculated using an extension of the Wilcoxon rank-sum test. P value <0.05 was considered 
significant. 
$
 There were 1 male and 4 females who preferred not to answer, in addition to 1 male and 2 females had missing 
information. 
$$ 
There were 1 male and 2 females who preferred not to answer, in addition to 2 males and 2 females had missing 
information. 
$$$
 There were 19 males and 18 females who answered as do not remember, 2 females preferred not to answer 
and 1 male and 2 females had missing information. 
$$$$
 There were 4 males and 14 females who preferred not answer. 
 
 101 
Table 15.  Prevalence of undiagnosed and diagnosed diabetes, hypertension and high cholesterol and the 
difference between the subjects with and without treatment related to controlling these diseases. 
Self-reported  
diabetes  (n=810)* 
Measured HbA1c <6.5 % (48 mmol/mol) 
(n=716) 
Measured HbA1c ≥6.5 % (48 mmol/mol) 
(n=94) 
 
No = 691 675 (83.3%)** (Healthy) 16 (2.0%)** (Undiagnosed)  
Yes = 119 41
$
 (5.1%)** (Diagnosed with good 
control) 
 
On treatment: 
 No = 10 (24.4%%)*** 
 Yes= 31 (75.6%%)*** 
78
$
 (9.6%)** (Diagnosed with poor control) 
 
 
On treatment: 
 No = 3 (3.8%)*** 
 Yes= 75 (96.2%)*** 
 
 
 
 
P value 
= 0.001 
 
Self-reported 
hypertension 
(n=869)* 
Measured SBP <140 mmHg and DBP <90 
mmHg    
(n=772)                                                  
 Measured SBP ≥140 mmHg or DBP ≥90 
mmHg  
(n=97) 
 
No = 732 681 (78.4%)** (Healthy) 
 
51 (5.8%)** (Undiagnosed)  
Yes = 137 91 (10.5%)** (Diagnosed with good 
control) 
 
On treatment: 
 No = 27 (30.3%)*** 
 Yes= 62 (69.7%)*** 
(2 subjects did not have results for 
treatment so the total used to calculate 
the prevalence was 89
$
) 
46
$
 (5.3%)** (Diagnosed with poor control) 
 
 
On treatment: 
 No = 10 (21.7%)*** 
 Yes = 36 (78.3%)*** 
 
 
 
P value 
= 0.28 
Self-reported high 
cholesterol 
(n=820)* 
Measured TC <5.0 mmol/L 
 (n=464)                                          
Measured TC ≥5.0 mmol/L   
(n=356) 
 
No= 529 
 
344 (41.9%)** (Healthy) 
 
185 (22.6%)** (Undiagnosed)  
Yes = 291 120
$
 (14.6%)** (Diagnosed with good 
control) 
 
On treatment: 
 No = 21 (17.5%)*** 
 Yes= 99 (82.5%)*** 
171  (20.9%)** (Diagnosed with poor 
control)  
 
 
On treatment: 
 No = 75 (44.9%)*** 
 Yes = 92 (55.1%)*** 
(4 subjects did not have results for 
treatment so the total used to calculate 
the prevalence was 167
$
) 
 
 
 
P value 
< 0.001 
* Total number of subjects who had complete information of self-reported history of the specified diseases and had results for 
measured HbA1c, SBP, DBP, and TC were used to calculate the **prevalence. *** Prevalence was calculated from the 
$
total 
number of subject who reported to have a history of the specified disease and undergo the condition of the measured biomarker 
(as applicable). Differences between subjects on treatment for the specified disease versus subjects not on treatment regarding 
their measured HbA1c and TC level or blood pressure measurements was made by Chi
2
 test. P<0.05 was considered significant. 
Abbreviations: DBP= diastolic blood pressure, HbA1c=glycated haemoglobin A1c, mmHg= millimiter mercury, mmol/L= milimol 
per liter, SBP= systolic blood pressure, TC=total cholesterol. 
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Table 16. Self-reported family history of specified diseases among Qatari men and women. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P values tested difference between males and female regarding their parental history of disease using Chi
2
 test, or * Fisher’s exact 
test. Generally, the results included plenty of missing values. 
Abbreviations: CVD= cardiovascular diseases.  
 
 
 
 
 
 
 
 
 
Characteristics Males= 311 
n (%) 
Females= 568 
n (%) 
Total=879 
N (%) 
P value 
History of diseases: 
Diabetes 
None 
Mother only 
Father only 
Both parents 
Missing 
 
Hypertension 
None 
Mother only 
Father only 
Both parents 
Missing 
 
Obesity 
None 
Mother only 
Father only 
Both parents 
Missing 
 
CVD 
None 
Mother only 
Father only 
Both parents 
Missing 
 
 
27 (12.4%) 
62 (28.6%) 
68 (31.3%) 
60 (27.7%) 
94 
 
 
27 (12.1%) 
78 (34.8%) 
60 (26.8%) 
59 (26.3%) 
87 
 
 
27 (24.3%) 
57 (51.4%) 
13 (11.7%) 
14 (12.6%0 
200 
 
 
0 
0 
86 (68.2%) 
40 (31.8%) 
185 
 
 
51 (12.4%) 
114 (27.7%) 
107 (25.9%) 
140 (34.0%) 
156 
 
 
51 (12.1%) 
150 (35.6%) 
94 (22.2%) 
127 (30.1%) 
146 
 
 
51 (27.0%) 
80 (42.3%) 
39 (20.6%) 
19 (10.1%) 
379 
 
 
0 
0 
129 (54.0%) 
110 (46.0%) 
329 
 
 
78 (12.4%) 
176 (27.9%) 
175 (27.8%) 
200 (31.8%) 
250 
 
 
78 (12.1%) 
228 (35.3%) 
154 (23.8%) 
 186 (28.8%)                
233 
 
 
78 (26.0%) 
137 (45.7%) 
52 (17.3%) 
33 (11.0%) 
579 
 
 
0 
0 
215 (58.9%) 
150 (41.1%) 
514 
 
 
0.34 
 
 
 
 
 
 
0.57 
 
 
 
 
 
 
0.16 
 
 
 
 
 
 
0.01* 
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10.1.7. Fasting participants. 
At the time when they attended the QBB clinic, approximately, 69% (n=597) of the participants had 
been fasting 4 hours or more and 31% had food and/or drinks within the 4 preceding hours (n= 272). 
Ten individuals reported that that they had been fasting for more than 18 hours. Another 10 subjects 
had missing information for their fasting status.  
 
10.2. Summary of results. 
The results of this chapter can be summarised as following: 
 
1. The study population included 879 Qataris (64.6% were women) with an age range of 18 to 80 
years old. Significantly more men were married, and were more highly educated compared to 
women.  
2. Sedentary lifestyle was very highly prevalent.  
3. Smoking was relatively common among males while only very few women self-reported 
themselves as habitual smokers.  
4. Overall the prevalence of obesity was very high in both genders. Men showed higher levels of 
SBP and DBP compared to women. 
5. Men had significantly higher C-peptide, TG and LDL, whereas, women had significantly higher 
fibrinogen and HDL.  
6. Among the total study sample, the prevalence of diagnosed diabetes, hypertension and high 
cholesterol was 14.8%, 15.7% and 35.2% respectively; the prevalence of the specified diseases 
were similar in both genders and showed positive trend with age among both men and women. 
The prevalence of previously undiagnosed diabetes, hypertension and high cholesterol among 
the total study sample was 2.0%, 5.8% and 22.6%, respectively.  
7. Significantly more subjects who were on treatment for diabetes had poor control of their HbA1c 
level compared to subjects without treatment, whereas, significantly more subjects on 
treatments for high cholesterol were characterised with good control of their TC level compared 
to subjects without treatment. Subjects on treatment for hypertension had similar mean blood 
pressure compared to subjects without treatment.  
8. Women reported significantly higher prevalence of family history of CVD compared to men. 
9. About 69% of the study population were fasting at least 4 hours or more on the day of the QBB 
appointment.  
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10.3. Discussion of results. 
The current study population was characterised with a high sedentary lifestyle and men were more 
physically active than women. Several studies on the GCC population including Qatar reported high 
sedentary lifestyle in this region of the world and stated that men are more physically active than 
women (Al-Nozha et al, 2007; Musaiger et al, 2011; and Mabry et al, 2010b). The latest national STEPs 
report indicated that 45.9% of Qatari men and women were identified with low physical activity levels 
(Haj Bakeri and Al-Thani, 2013); moreover, about 22% and 31% of Qataris practiced moderate and heavy 
levels of physical activity, respectively. The same report also showed that men were characterised with a 
higher prevalence of moderate (men: 24.6% versus women: 21.0%) and heavy (men: 38.1% versus 
women: 24.8%) activity compared to women. In a cross-sectional nationally representative study from 
the Kingdom of Saudi Arabia using the WHO STEPs guidelines, physical inactivity was as high as 66.6% 
(men= 60.1% and women =72.9%) (Al-Zalabani et al, 2015). Possible reasons for the sedentary lifestyle 
are the hot climate of this region during most of the year that prevents individuals from doing outdoor 
physical activities and the need to use cars for transportation almost all of the time because the main 
roads are not pedestrian-friendly. In contrast to men, women in the GCC culture tend to have more 
social visits and gatherings and spend more time in the house with their kids. Men tend to have more 
freedom to participate in outdoor activities with friends such as camping and fishing than women; 
therefore, men in this region tend be more physically active than women. 
The prevalence of obesity (≥30 kg/m2) in the current study was high but it was slightly lower than the 
national prevalence that was identified in the STEPs report by Haj Bakeri and Al-Thani (2013), which was 
41.4%, and that reported by Bener et al (2014) in a nationally representative sample of Qataris, which 
was 42.7%. The lower prevalence in the current study might be attributed to the highly educated study 
sample of Qataris compared to the examined nationally representative populations. About 67% of the 
current study population completed their university or postgraduate studies; in contrast, 35.2% of the 
STEPs report population completed their university or postgraduate degrees (Haj Bakeri and Al-Thani, 
2013) and 55.6% of subjects did not complete their secondary school diplomas in the study by Bener 
and colleagues (2014). From nationally representative studies in other GCC countries, the prevalence of 
obesity was reported as 28.7% in Saudi Arabia (Memish et al, 2014) and 43.1% in Kuwait (Zaghloul et al, 
2013). In England, the prevalence of obesity is lower than that reported in the GCC according to the 
obesity statistics report which stated that a quarter of adults were obese (Baker, 2015).  
The prevalence of previously diagnosed and undiagnosed diabetes, hypertension and high cholesterol 
among Qataris was reported in the STEPs report by Haj Bakeri and Al-Thani (2013). The prevalence of 
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previously diagnosed diabetes was 15.1% (13.7% for men and 16.3% for women) and the prevalence of 
undiagnosed diabetes was 1.6% (identified as raised fasting blood glucose of ≥6.1 mmol/L). The same 
report also identified a prevalence of 16.4% for previously diagnosed hypertension (17.4% for men and 
15.5% for women) and undiagnosed hypertension had a prevalence of 16.5% (measured by SBP ≥140 
mmHg or DBP ≥90 mmHg). The STEPs report did not provide information about history of high 
cholesterol but instead reported the prevalence of measured raised TC (≥5.0 mmol/L) or those on 
medication for raised cholesterol as 21.9%.  
Possible reasons for the difference between the current study results and the STEPs results regarding 
the prevalence of the specified diseases might be due to 1) the use of different biomarkers to ascertain 
the specified diseases (for example fasting glucose in the STEPs and HbA1c in the current study), and 2) 
differences in the study populations’ characteristics. The current study has a smaller sample population 
and is not nationally representative, and it has a wider age range for participants, higher percentage of 
females, more educated and employed subjects compared to the STEPs survey. 
According to the IDF Diabetes Atlas (IDF, 2015), the highest national prevalence of diabetes in the GCC 
region was found in Saudi Arabia (17.6%) followed by Kuwait and Bahrain at 16.3% and 15.6%, 
respectively. In the UAE, Qatar and Oman, the national prevalence was 14.6%, 13.5% and 9.9%, 
respectively. The IDF Diabetes Atlas report did not use the Qatari national STEPs report (Haj Bakeri and 
Al-Thani, 2013) findings as a resource for the national prevalence of diabetes in Qatar, instead it 
extrapolated the prevalence from other GCC studies; therefore, the reported prevalence in the IDF 
report was underestimated. The same IDF report stated that the national prevalence of diabetes in the 
United Kingdom was 6.2%, which is lower than that reported in the GCC region.  
According to the WHO global health observatory data repository (WHO, 2014) the age-standardised 
(≥18 years) prevalence of raised blood pressure (≥140/90 mmHg) in the GCC region ranged from 24.3% 
in the UAE to 26.6% in Saudi Arabia. The prevalence of hypertension was higher in all of the GCC 
countries compared to that in the United Kingdom, which was 15.2%. The WHO (2008b) indicated that 
the age-standardised (≥25 years) prevalence of raised TC (≥5.0 mmol/L) in the GCC countries ranged 
from 39.0% in Saudi Arabia to 56.6% in the UAE. The prevalence of raised TC was higher in the United 
Kingdom (63.4%) compared to the GCC region.  
In the current study, differences between subjects that were on treatment for diabetes and those 
without treatment regarding their HbA1c level could be due to several reasons. Exploration of age, 
gender and education did not show significant differences between the two groups. Possible reasons for 
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the difference in HbA1c level between the two groups could be that 1) the diabetic subjects might not 
take their medication as it was advised by their doctors, or 2) the medications might not be suitable for 
them, or 3) they might not follow a suitable diet, or 4) these subjects might not be educated enough 
about diabetes and do not know how to control it. The same reasons, relative to blood pressure, might 
also be applicable for having similar blood pressure means between the treated and untreated 
hypertensive subjects. Further research is needed to investigate the actual reason behind these finding.  
Up-to-date information about the prevalence and trends of diseases and conditions including 
overweight and obesity is important both to assess the effect of excess fat on health and to empower 
decision makers to assess the efficacy of current treatments and awareness campaigns. This will aid 
development of initiatives in order to control and reduce the prevalence of obesity and obesity-related 
health complications such as CVD, diabetes, cancers and the clusters of the MetS among the Qatari 
population. 
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CHAPTER 11: The metabolic syndrome. 
 
11.1. Presentation of results.  
11.1.1. The prevalence and distribution of the metabolic syndrome determinants. 
The prevalence of the MetS determinants by gender is presented in Figure 4 using the NCEP ATPIII and 
IDF definitions. When the NCEP ATPIII guidelines were used, the prevalence of abnormal levels of 
glucose, HDL, TG, high blood pressure and central obesity in both genders were 21.6%, 31.3%, 21.8%, 
21.0%, and 33.4%, respectively. Central obesity was the most common MetS determinant among 
women with a prevalence of 36.1%, whereas, high TG was the most common determinant among men 
with a prevalence of 31.2%. The prevalence of central obesity was significantly higher in women 
compared to men (P=0.020); whereas, the prevalence of abnormal levels of TG, and high blood pressure 
were significantly higher in men compared to women (P<0.001 and P=0.017, respectively). When the IDF 
guidelines were used, the prevalence of the MetS determinants among both genders were 59.6% for 
central obesity, 31.3% for abnormal TG, 31.3% for low HDL, 25.4% for high blood pressure and 23.4% for 
high glucose. Central obesity was the most prevalent MetS abnormality for both genders with a 
prevalence of 62.7% in women and 53.8% in men. The prevalence of central obesity was significantly 
higher in women compared to men (P<0.010); however, abnormal TG was significantly more common in 
men than women (p<0.001). When using the harmonised definition, similar findings to the IDF were 
obtained; therefore the results are not shown. 
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Figure 4. Prevalence of the metabolic syndrome determinants by gender using the NCEP ATPIII and the IDF criteria.  
The numbers stated in the figures are percentages. * Indicates significant difference between males and females. 
Abbreviation: HDL = High Density Lipoprotein. IDF= International Diabetes Association, NCEP ATPIII= National Cholesterol 
Education Programme’s Adult Treatment Panel III. 
 
 
 
The total number of the different MetS determinants, defined using the harmonised criteria, present in 
Qatari adults by gender is shown in Figure 5. There was no significant difference between genders 
regarding the total number of the MetS determinants (P=0.375). Approximately 26% of females had 
none of the MetS determinants, whereas only 22.8% of males were in the same category. A similar 
percentage of men (23.5%) and women (23.6%) had at least one MetS abnormality. The percentage of 
men (24.4%) with at least two MetS abnormalities was higher than that for women (19.0%). A slightly 
higher percentage of females (15.8%) than males (13.2%) had at least three determinants of the MetS. 
53.8* 
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The percentages of men with four or five determinants of the MetS (10.3% and 4.5% respectively) were 
higher than that among females (8.6% and 4.0% respectively). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Total number of the metabolic syndrome determinants by gender using the harmonised criteria.   
Abbreviations: MetS = Metabolic syndrome.  
 
 
 
The total number of the different MetS determinants, defined using the harmonised criteria, present in 
Qatari adults by BMI is shown in Figure 6. As the BMI categories elevate (from normal to obese) the 
percentage of subjects who were characterised with a higher number of the MetS determinants also 
increased. For instance, the majority of subjects (63.3%) with none of the MetS determinants were in 
the normal BMI category, whereas more than half of the subjects with two or more MetS determinants 
were obese (ranging from 54.6% in the two MetS determinants category to 62.2% in the five MetS 
determinants category). Obese subjects had significantly more MetS determinants compared to the 
other specified BMI categories (P<0.001). None of the underweight subjects had any of the MetS 
determinants (results not shown). 
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Figure 6. Number of the metabolic syndrome determinants by BMI status using the harmonised criteria.   
Normal: ≥18- <25 kg/m
2
, Overweight: ≥25 -<30 kg/m
2
 and Obese: ≥30 kg/m
2
.  
Abbreviations: MetS= Metabolic syndrome  
 
 
11.1.2. The metabolic syndrome prevalence and distribution by definition, gender, age, and 
body mass index. 
As shown in Table 17, excluding subjects with missing values for MetS status, the prevalence of MetS 
was 18.4% according to the NCEP ATPIII definition (18.9% of men and 18.1% of women) and 27.0% 
according to the IDF definition (24.1% of men and 28.3% of women). The harmonised criteria resulted in 
a prevalence of 28.9% (28.3% of men and 29.2% of women). The prevalence of MetS did not differ 
substantially between males and females using any of the three definitions.  
 
As shown in Figure 7, a total of 249 subjects (28.3% of the total study population (N=879)) were 
identified as MetS cases using three different definitions. There were 148 subjects (59.4% of cases) that 
were captured by all of the three specified definitions. The NCEP ATPIII definition alone captured 63.5% 
of the 249 cases, whereas the IDF definition captured 93.2%. The harmonised definition captured the 
highest number of cases (100%) including those who were captured by the NCEP ATPIII and IDF 
definitions. Because of the latter, the harmonised definition will only be used for the following analyses 
of data from the QBB.  
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Table 17. Metabolic syndrome prevalence by gender among the total study population with random blood 
samples.  
 
* The National Cholesterol Education Programme’s Adult Treatment Panel III, ** International Diabetes Federation. 
*** Chi
2
 test was used to test the differences between genders. Prevalence was calculated excluding subjects with missing 
values. 
Abbreviation: MetS = Metabolic syndrome. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Number of subjects that met the NCEP ATPIII, IDF and harmonised definitions of the metabolic syndrome.  
The data reflect the number of subjects that were detected by each definition. Data shown as percentages are the percentages 
of the metabolic syndrome cases detected by each definition among the total number of the metabolic syndrome cases 
identified in the sample population. 
 Abbreviations: IDF= International Diabetes Federation, and NCEP ATPIII= The National Cholesterol Education Programme’s 
Adult Treatment Panel III. 
 
 
Criteria Males  
(n= 311) 
Females  
(n= 568) 
Total  
(N= 879) 
P value*** 
NCEP ATP III* 
No MetS 
MetS 
Missing 
 
249 (81.1%) 
58 (18.9%) 
4 
 
452 (81.9%) 
100 (18.1%) 
16 
 
701 (81.6%) 
158 (18.4%) 
20 
 
0.77 
 
IDF ** 
No MetS 
MetS 
Missing 
 
 
233 (75.9%) 
74 (24.1%) 
4 
 
 
395 (71.7%) 
158 (28.3%) 
15 
 
 
628 (73.0%) 
232 (27.0%) 
19 
 
 
0.15 
 
Harmonised Definition  
No MetS 
MetS 
Missing 
 
 
220 (71.7%) 
87 (28.3%) 
4 
 
 
392 (70.8%) 
162 (29.2%) 
14 
 
 
612 (71.1%) 
249 (28.9%) 
18 
 
 
0.78 
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Figure 8 presents the distribution of the MetS by age group. As expected, MetS prevalence increased 
with age. The prevalence of the MetS peaked in the ≥55 year olds for both genders. The MetS 
prevalence substantially increased across the age groups from <35 year olds to ≥55 year olds (P<0.001). 
The MetS prevalence was significantly more common in women than men in the ≥55 year olds only 
(P=0.013). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Prevalence of the metabolic syndrome by age groups and gender using the harmonised definition.  
* The MetS was significantly more common in women than men in the ≥55 year age group (P=0.013). 
Abbreviation: MetS = Metabolic syndrome. 
 
 
Figure 9 shows a comparison of age-adjusted prevalence of the MetS between the current study and 
two local studies findings by Bener et al (2009b) and Bener et al (2013). Generally in all of the three 
studies the prevalence of the MetS increased with age; the lowest prevalence was recorded in the <30 
year olds in Bener et al (2009b) and in <35 year olds in Bener et al (2013) and the current study, whereas 
the highest prevalence was in the ≥60 year olds in Bener et al (2009b), ≥55 year olds in the current study 
and in the ≥55-64.9 year olds combined with ≥65 year olds in Bener et al (2013). For all age groups in the 
three studies the MetS prevalence defined by the IDF guidelines was higher than that defined by the 
NCEP ATPIII guidelines. The current study has similar age categories compared to Bener et al (2013), 
who conducted his study among a national representative sample. The prevalence of the MetS was 
higher in Bener et al (2013) in almost all of the age categories compared to the current study using both 
the NCEP ATPIII and the IDF definitions. 
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<30 years 
7.4% (NCEP ATPIII) 
7.9% (IDF) 
≥30-39.9 years 
23.9% (NCEP ATPIII) 
34.6% (IDF) 
≥50-59.9 years 
47.9% (NCEP ATPIII) 
55.6% (IDF) 
≥40-49.9 years 
26.4% (NCEP ATPIII) 
32.4% (IDF) 
≥60 years 
51.4% (NCEP ATPIII) 
70.3% (IDF) 
<35 years 
12.7% (NCEP ATP III) 
33.3% (IDF) 
≥35-44.9 years 
27.8% (NCEP ATPIII) 
38.4% (IDF) 
≥45-54.9 years 
30.9% (NCEP ATPIII) 
40.0% (IDF) 
≥55-64.9 years 
41.7% (NCEP ATPIII) 
33.0% (IDF) 
≥65 years 
24.0% (NCEP ATPIII) 
34.0% (IDF) 
<35 years 
4.8% (NCEP ATPIII) 
6.2% (IDF) 
6.7% (harmonised)  
≥35-44.9 years 
21.0% (NCEP ATPII) 
26.3% (IDF) 
29.3% (harmonised) 
≥45-54.9 years 
29.5% (NCEP ATPII) 
43.6% (IDF) 
46.2% (harmonised) 
Bener et al (2013)  
(N= 1552) 
Bener et al (2009b) 
(N= 1204) 
Current study 
(N= 879) 
≥55 years 
37.5% (NCEP ATPIII) 
 62.3% (IDF) 
66.4% (harmonised) 
Figure 9. Comparison of age-adjusted prevalence of the metabolic syndrome between the current study and two previous local studies findings. 
Abbreviations: IDF= International Diabetes Federation, and NCEP ATPIII= The National Cholesterol Education Programme’s Adult Treatment Panel III. 
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Figure 10 shows the distribution of the MetS by BMI status (underweight, normal, overweight and 
obese). None of the underweight subjects had the MetS. The number of MetS cases significantly 
increased as the BMI category increased (P<0.001). There was no significant difference between genders 
regarding the MetS status in any of the BMI categories.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. The prevalence of the metabolic syndrome by body mass index status.  
Underweight:  <18 kg/m
2
, normal: ≥18- <25 kg/m
2
, overweight: ≥25 -<30 kg/m
2
 and obese: ≥30 kg/m
2
. 
 
 
 
11.1.3. Adjusted association of the metabolic syndrome with age, gender, body mass index 
and physical activity status.  
Adjusted association between the MetS status with age, gender, BMI status and physical activity is 
shown in Table 18. The odds for having the MetS increased dramatically with age; compared to those 
<35 years old, older subjects had an increased risk of MetS (OR= 4.61, 95% CI = 2.63 – 8.06 for the ≥35-
44.9 year olds, OR= 8.82, 95% CI = 5.24 – 14.86 for ≥45-54.9 year olds and OR= 24.04, 95% CI = 12.80 - 
45.13 for the ≥55 year olds). The risk of the MetS was not significantly different in males compared to 
females (P=0.295) but it was higher among overweight (OR = 3.67, 95% CI =1.90 – 7.11) and obese (OR = 
6.94, 95% CI = 3.60 - 13.35) subjects compared to normal weight individuals. Those with moderate or 
high physical activity levels had decreased odds of MetS (OR = 0.46, 95% CI = 0.27 - 0.78; OR = 0.39, 95% 
CI = 0.20 - 0.78, respectively) compared to subjects with low or no physical activity. 
0
5
10
15
20
25
30
35
40
45
50
Underweight Normal Overwight Obese
M
e
ta
b
o
lic
 s
yn
d
ro
m
e
 p
re
va
le
n
ce
 %
 
BMI status 
Male
Females
Total
 115 
 
Table 18. Odds ratio of having the metabolic syndrome by age group, gender, body mass index and physical 
activity categories. 
The logistic regression models were adjusted for age, gender, body mass index (BMI) categories, education level categories and 
physical activity categories. Significance level = *P<0.05, **P<0.001.  
Abbreviations: MetS (+) = subjects with the metabolic syndrome, MetS (-) = subjects without the metabolic syndrome. 
 
 
 
11.2. Summary of results. 
The results of this chapter can be summarised as following: 
 
1. Central obesity was the most common abnormality of the MetS among the QBB pilot phase 
Qatari participants when NCEP ATPII and IDF cutoff points were used followed by abnormal lipid 
profiles. Using the harmonised definition yield the same results to that of the IDF. 
2. The number of the MetS determinants did not differ by gender but it significantly elevated with 
increased BMI categories.   
3. The MetS prevalence among the total study population was 18.4% (NCEP ATPIII), 27.0% (IDF) 
and 28.9% (harmonised) and it was not significantly different between males and females. The 
Characteristics Number of Subjects 
(n=861)
$
 
Odd Ratio [95% Confidence Interval] 
Age (years)      MetS (+)                 MetS (-)  
<35                  25                              347        Reference group 
≥35 – 44.9 
≥45 – 54.9 
                 46                              111 
                 97                              113 
4.61 (2.63 – 8.06)** 
8.82 (5.24 – 14.86)** 
24.04 (12.80-45.13)** ≥55                   81                               41 
Gender   
Females    162                              392        Reference group 
Males    87                               220 1.22 [0.8– 1.79] 
Body Mass Index status   
Normal weight    14                               181       Reference group 
Overweight 
Obese 
    85                               221  
                150                              184 
3.67 [1.90 – 7.11]** 
6.94 [3.60 – 13.35]** 
Physical activity status   
None or Low activity 
Moderate activity 
High activity 
   203                              435 
   32                                 93 
   14                                  82 
Reference group 
0.46 (0.27 – 0.78)* 
0.39 (0.20 – 0.78)* 
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harmonised definition was able to capture the highest prevalence of subjects with the MetS 
including all subjects that met the criteria of the NCEP ATPIII and the IDF.   
4. A positive trend was found between the MetS prevalence and age and BMI. The age-adjusted 
prevalence of the MetS in the current study was lower than that reported among nationally 
representative sample of Qataris. 
5. The adjusted odds for having the MetS increased across elevated age, BMI and reduced with 
higher physical activity level. 
 
11.3. Discussion of results. 
11.3.1. The metabolic syndrome determinants.  
Central obesity was the most prevalent determinant of the MetS among the study participants, followed 
by dyslipidemia. A previous study by Bener and associate (2009b) reported that central obesity was the 
most common determinant of the MetS among a nationally representative sample of Qataris, followed 
by hypertension and abnormal HDL and TG levels. Although the study design and sample characteristics 
of the two studies were different, both studies found that central obesity was the most common 
determinant of the MetS; this indicates that central obesity is a very common health problem among 
the Qatari population.   
In the current study, the number of the MetS determinants significantly increased with higher BMI 
categories. Obesity is an established risk factor for hypertension, dyslipidemia, and diabetes as discussed 
previously in sections 1.4.2, 1.4.3, and 1.4.4; therefore, increase in BMI corresponds to an increased risk 
of these morbidities, which are also considered risk factors for the MetS. 
 
11.3.2. The metabolic syndrome prevalence.  
To our knowledge, there has not been any local study that used the harmonised guidelines to examine 
the MetS yet; in addition, the current study is the first to present the MetS prevalence among 
volunteers from the general Qatari population who had a wide age range and were highly educated. The 
most recent studies on Qataris reported that the prevalence of the MetS is around 26% using the NCEP 
ATPIII and it ranged from 33.7% to 36.9% when using the IDF definition (Bener et al, 2009b and Bener et 
al, 2013). However, it was reported earlier in section 2.3 that the prevalence of the MetS is dependent 
on the characteristics of the sample population and study design. The current study differed from the 
latter local studies by several factors including blood sample type, study design, sample selection and 
characteristics, factors that have an impact on the resulting MetS prevalence. The differences included 
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that blood samples were taken at different times of the day and fasting was not a requirement, that the 
study population was composed of volunteers from the general population and not drawn as a 
representative sample of the national population of Qatar, and that the subjects were highly educated 
(68.1% completed their university or postgraduate study). The study by Bener and colleagues (2009b) 
included fasting samples from a sample designed to be representative of the Qatari population selected 
in Primary Care Centre settings, with a lower education level (15.3% had completed university). The 
sample population from Bener et al (2013) had a higher mean age and only 44.4% had secondary school 
education and above.  
In the age-adjusted analysis, the MetS prevalence was underestimated in the current study compared to 
a nationally representative sample of Qataris (Bener et al, 2013); this could be due to the differences 
between the samples characteristics and study design between the two studies that were mentioned 
above. 
11.3.3. The metabolic syndrome definitions.  
In the current study, the harmonised criteria was able to detect the highest number of subjects with the 
MetS along with being able to detect all subjects with the MetS who were identified by the NCEP ATPIII 
and IDF criteria. Explanations for this result could be that: 1) the harmonised definition was not 
restricted by the presence of abdominal obesity as an obligatory condition as the IDF definition, studies 
have shown that even normal weight subjects could have the MetS risk factors; these subjects were not 
captured by the IDF criteria (St-Onge et al, 2004, Al Zenki et al, 2012). 2) The harmonised guidelines 
included lower WC cutoff points (ethnicity dependent) than that of the NCEP ATPIII (uses American 
cutoff points); therefore, subjects with two metabolic abnormalities and a WC below 102 cm and 88 cm 
but above 94 cm and 80 cm for men and women, respectively, were not captured by the NCEP ATPIII 
criteria; hence, the harmonised definition included ethnicity dependent cutoff points to solve the latter 
issue. 3) The harmonised criteria included history of dyslipidemia, hypertension and diabetes 
treatments. Some of the subjects who were previously diagnosed with these abnormalities and 
controlling them with suitable treatment were not detected using the NCEP ATPIII definition; however, 
the NCEP ATPIII updated version included the history of diseases in the updated guideline (Grundy et al, 
2005).  
 
To our knowledge almost all of the studies from the GCC region have used the NCEP ATPIII and/or the 
IDF guidelines to identify the MetS status. The IDF definition was able to capture more cases with the 
MetS than the NCEP ATPIII in several studies from different countries of the GCC (Al Zenki et al, 2012; 
 118 
Mabry et al, 2010a; Bener et al, 2014; and Bahijri et al, 2013). However, a study from Abu Dhabi (UAE) 
showed higher prevalence of the MetS using the NCEP ATPIII compared to the IDF definition (Malik and 
Abdel Razig 2008). The latter study included subjects from multi-nationalities (none-GCC countries) with 
different ethnic backgrounds including African Arabs, South Asians and Emiratis. The main reason for the 
ability of the IDF definition to capture more MetS cases than the NCEP ATPIII among the GCC 
nationalities is including ethnicity dependent cutoff points. Therefore, having validated central obesity 
cutoff points for the GCC population is required in order to identify individuals at higher risk of 
developing obesity related morbidities more precisely.  
The harmonised definition was able to capture the highest number of individuals with the MetS in this 
study; however, the superiority of the definition should be ascertained by being able to predict clinical 
endpoints such as CVD and diabetes because the importance of studying the MetS is to highlight 
individuals at risk for developing these diseases. In order to identify the best MetS definition to predict 
CVD and diabetes among Qataris, a prospective cohort analysis is necessary.  
11.3.4. The association of the metabolic syndrome prevalence with gender.  
In the current study, the likelihood of having the MetS did not differ significantly between genders. 
Nevertheless, a previous local study by Bener and colleagues (2009b) reported that Qatari women were 
more likely to be diagnosed with the MetS than Qatari men (P<0.001). A similar finding was reported in 
a subsequent local study by Bener et al (2013). 
Generally speaking, there is a gender disparity regarding the prevalence of the MetS worldwide, the 
variation is thought to be related to regional, ethnic and cultural variation (Rochlani et al, 2015). Studies 
from the GCC showed higher MetS rates among females compared to males (Mabry et al, 2010a; Malik 
and Abdel Razig, 2008). Al–Lawati and colleagues (2003) indicated higher prevalence of the MetS among 
females but it was not statistically different from males. Al Zenki and colleagues (2012) reported higher 
MetS prevalence among females when the NCEP ATPIII definition was used, however, using the IDF 
definition resulted in a higher prevalence of MetS among males. The disparity of findings regarding the 
association of the MetS with gender in the GCC region might be related to the different study designs 
and samples characteristics.  
 
11.3.5. The association of the metabolic syndrome prevalence with age.  
The MetS syndrome prevalence among the study participants increased with age peaking at the age 
group of ≥55 years for both genders, in addition, the likelihood of having the MetS increased 
dramatically with increasing age groups. The positive trend between age and the MetS is consistent with 
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previous local, regional and international studies; Bener et al (2009b) reported that the prevalence of 
the MetS increased by about 9-fold from 7.9% in the 20-30 years age group to 70.3% in the above 60 
years old group. In the study by Al Zenki and colleagues (2012), the MetS prevalence increased along 
with elevated age groups in both genders using the NCEP ATPIII or the IDF definitions. The MetS 
prevalence showed an age-dependent trend in other ethnicities as well. In the USA, the MetS prevalence 
increased from 7% in subjects aged 20-29 years to 44% in subjects aged 60-69 years (Ford et al, 2002). A 
study conducted in Iran reported that the prevalence of MetS increased from 10% in the 20-29 year age 
group to 38% and 67% in the 60-69 and ≥70 year age groups, respectively (Azizi et al, 2003). Based on 
the above examples, the positive association between MetS and age was consistent with other 
international studies regardless of the participant’s characteristics, study design, and ethnicity. Aging is 
usually accompanied by physiological changes such as loss of muscle mass and elevation in body fat, 
mostly in the abdomen, that increase the risk of insulin resistance (Alberti et al, 2006); hence the MetS is 
positively associated with increased age. 
 
11.3.6. The association of the metabolic syndrome prevalence with body mass index and 
physical activity status.  
The current study showed that the likelihood of having the MetS was about three times higher in 
overweight compared to normal weight subjects, increasing to about six times higher in obese. The 
association of the MetS and BMI has been studied extensively in the literature and has shown consistent 
positive associations (Han et al, 2002; St-Onge et al, 2004). Obese subjects are characterised with higher 
levels of visceral fat compared to lean subjects (Cakir and colleagues, 2015); among the 564 participants 
who had a CT scan, visceral obesity (visceral fat of >100 cm2) was found in 44% of subjects with a BMI of 
<25 kg/m2, in 81% of subjects with a BMI of 25–30 kg/m2 and in 90% of subjects with a BMI of >30 kg/m2 
(Cakir et al, 2015). Visceral fat was found to be responsible for releasing a variety of molecules that 
impact the metabolism of the whole body (Funahashi et al, 1999). Visceral fat was significantly 
correlated with the MetS determinants including increased blood pressure, plasma TG, cholesterol and 
glucose (Fujikoa et al, 1987). Therefore, subjects with higher visceral fat are more likely to develop the 
MetS.  
 
The current study findings showed that the likelihood for having the MetS was inversely associated with 
increasing physical activity levels. The inverse trend between MetS and physical activity was also found 
among other ethnicities. The association between physical activity and the MetS was studied among 
4,327 adults from the NHANES 2007-2010 cohort, a representative sample of the USA population (Fruge 
et al, 2015). The findings showed that subjects without the MetS reported more daily moderated 
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physical activity than subjects with the MetS. The same study showed that subjects without the MetS 
had higher calorie intake related to their basal metabolic rate and higher total energy expenditure 
compared to subjects with the MetS. Hence, Fruge and colleagues (2015) suggested that daily moderate 
physical activity has a better protective effect from the MetS than reduced calorie intake. A study, 
conducted among 8,750 Chinese subjects aged 40 to 60 years reported that vigorous physical activity 
was consistently associated with reduced risk of the MetS with a population-attributable risk of about 
11% for all MetS determinants, while moderate activity was not associated with reduced risk of 
developing MetS (Hu et al, 2015). Increased physical activity was associated with increase cardiovascular 
fitness among 3,148 Americans and was found to be associated with reduced risk of the MetS 
determinants such as hypercholesterolaemia and hypertension (Lee et al, 2012), whereas, increased 
sedentary time was positively associated with elevated TG levels, WC, BMI and BF% among 1,304 
Americans (Shuval et al, 2014). 
11.3.7. The need for GCC-specific central obesity cutoff points. 
To reach more reliable WC cutoff points for the GCC region, long-term prospective studies are required. 
Obesity is an established risk factor for diabetes and CVD (Seidell, 1997; Langeberg et al, 2012); 
however, the amount of body fatness that is associated with elevated risk differs between different 
ethnicities. For example, it was noted that urban Asians with a BMI range of 23-24 kg/m2 are at 
equivalent risk of developing hypertension, diabetes and dyslipidemia as White individuals with a BMI of 
25-29.9 kg/m2 (WHO expert consultation, 2004). Asian Indians have lower WC cutoff points compared to 
Europeans; the risk of having diabetes in Asian Indians elevated significantly at a waist size of 85 cm for 
men and 80 cm for women (Snehalatha et al, 2003). Therefore, it could be postulated that the European 
cutoff points for abdominal obesity, as suggested by the WHO (2008a), might not be appropriate for 
Arabs in the GCC region, and thus, misclassification (underestimation) may occur in ascertaining the 
MetS status.  
 
11.3.8. Using non-fasting blood samples to estimate the metabolic syndrome prevalence. 
The NCEP ATPIII, IDF and the harmonised definitions of the MetS requires fasting blood sample. Using 
random blood samples may cause misclassification (overestimation) of the TG, HDL and glucose levels 
because these biomarkers are influenced by food intake. A study conducted by Sundvall and associates 
(2011) reported the prevalence of the MetS among 4,282 Finnish individuals using fasting (fasted for at 
least 10 hours) blood samples as 35.5%. The same subjects from the latter study were examined again 
for the prevalence of the MetS using incomplete fasting blood samples (fasted ≥2 to ≤8 hours) and this 
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yielded a MetS prevalence of 39.7%. Although the difference in the prevalence was claimed to be 
relatively small, it was statistically significant (P<0.001) (Sundvall et al, 2011). Another study by Langsted 
and colleagues (2008) investigated change in the TG and HDL levels since last meal among 33,391 
subjects from the general population of Copenhagen aged 20 to 95 years. The change in HDL was -0.1 
mmol/L at 0 to 5 hours and in TG was 0.3 mmol/L at 1 to 4 hours after the meal, therefore, Langsted and 
colleagues (2008) suggested that TG and HDL changed minimally in response to normal diet intake 
among individuals from the general population; however, a limitation of this study was that the duration 
of fasting since the last meal was self-reported.  
 
The effect of fasting duration on glucose concentration was investigated among a sample population of 
28,024 individual across Germany (Moebus et al, 2011). The study stated that mean blood glucose 
concentration differed only slightly between non-fasting (<8 hours) and fasting (≥ 8 hours) subjects (5.2 
±1.2 mmol/L in non-fasting men and 5.1 ±0.8 mmol/L in fasting men). The latter finding was confirmed 
by examining the intra-individual variation in blood glucose concentration between non-fasting and 
fasting measurements, reporting that the minimal fasting duration required to achieve comparable 
glucose level between non-fasting and fasting samples was 3 hours after caloric intake (Moebus et al, 
2011).  
 
In large studies such as Biobank projects, it is more practicable to collect random blood samples rather 
than asking participants to fast; therefore, the studies by Moebus and colleagues (2011), Sundvall and 
colleagues (2011) and Langsted and colleagues (2008) have challenged the necessity to fast before lipid 
and glucose measurement. Although the three studies have reported that using non-fasting samples for 
measuring blood TG, HDL and glucose levels were minimally different from using fasting samples, there 
is still a chance for misclassification (overestimation) of subjects regarding their MetS status. All of the 
latter three studies were conducted among Caucasian subjects; hence, the change in lipid and glucose 
levels might be greater or lower in other ethnicities such as Arabs, and therefore, the MetS prevalence 
among Qataris of this study should be reported with caution.  
 
11.3.9. Further work. 
The MetS is complex and includes interactions of multiple risk factors; therefore, there are plenty of 
potential areas to be investigated in order to enhance the understanding about the syndrome in Qataris. 
For example, prospective cohort and longitudinal studies could be conducted to investigate more about 
the cause of the MetS and the effect of several risk factors on the MetS prevalence. Moreover, the 
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association of the MetS with different diseases risk such as CVD, diabetes and some cancers should be 
examined. 
 
Better understanding of the pathophysiology of the MetS will aid in identifying individuals at risk to 
develop CVD and diabetes that will lead to earlier interventions and better prevention strategies in the 
public health area. More awareness campaigns should be made to attract the public attention toward 
the importance of lifestyle modifications and toward reducing weight and increasing physical activity. In 
the clinical area, the metabolic risk factors should be controlled by suitable medication along with 
modifying diet and lifestyle habits.  
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CHAPTER 12: Obesity subgroups 
 
12.1. Presentation of results.  
12.1.1. Prevalence and characteristics of specified obesity subgroups. 
Among obese subjects (n=334), the prevalence of MHO and MAO was 24.6% and 75.4%, respectively. 
Among normal weight subjects (n=194) the prevalence of MHN and MAN was 65.5% and 34.5%, 
respectively. The prevalence of MHN, MAN, MHO and MAO in the total study population was 14.4%, 
7.6%, 9.3% and 28.7%, respectively. 
Examining the demographic characteristics, individuals classified as MHN were significantly younger 
than the individuals in the MAN, MHO and MAO (P<0.001 for all) groups after adjustment for gender. 
The MHO subjects were significantly younger than the MAO subjects (P<0.001) after adjustment for 
gender (Table 19). There was a higher percentage of females than males in all of the classified groups 
because the study population includes more women (64.6%) than men; however, significant differences 
among obesity subgroups regarding gender were only detected between MHN and MAN (P=0.003). 
MHN were significantly more educated than MHO and MAO (P= 0.038 and P= 0.006, respectively).  
Considering the anthropometric characteristics, the MHN subjects had significantly lower BF% than 
MHO and MAO (P<0.001 for both) (Table 19) and significantly smaller WC and W-H ratio compared to 
MHO (P<0.001 for WC and P=0.007 for W-H ratio) and MAO (P<0.001 for WC and W-H ratio). 
Interestingly, even among obese subjects, MHO had significantly smaller WC and W-H ratio compared to 
MAO (P<0.001 for both).  
Blood pressure was significantly higher in MAO compared to MHN (P<0.001 for both SBP and DBP) and 
MHO (P<0.001 for SBP and P=0.001 for DBP). In addition, MAN subjects had significantly higher DBP 
compared to MHN (P=0.02) (Table 19). 
In terms of lifestyle habits, MHN subjects were more physically active than MAN (P=0.026) and MAO 
(P<0.001). Among obese subjects, MHO and MAO had similar physical activity levels. No significant 
difference was found regarding smoking among the different specified obesity subgroups (Table 19).  
Table 20 includes comparisons between the different obesity subgroups for a range of biomarkers, 
including lipid profiles, diabetes variables, inflammation and other markers. MHN subjects had higher 
mean HDL levels and reduced levels of LDL and TG compared to MAN, MHO and MAO (P≤0.013 for all). 
MHO significantly differed from MAO by having higher mean HDL and lower mean TG (P<0.001 for both 
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biomarkers). The MHN subjects had significantly lower mean insulin and C-peptide levels compared to 
MAN, MHO and MAO (P<0.01 for all), whereas, glucose and HbA1c were significantly higher in MAO 
(<0.001 for both) compared to MHN. MHO differed from MAO by significantly lower insulin, glucose, 
HbA1c and C-peptide (P<0.01 for all). Fibrinogen level was significantly elevated in all of the other 
specified obesity subgroups compared to MHN (P<0.01 for all). Homocysteine levels were similar in all of 
the specified obesity subgroups.  
Among the liver function variables, ALP level was significantly lower in MHN compared to all other 
obesity subgroups (P=0.006 for MAN, P=0.025 for MHO and P<0.001 for MAO). Moreover, MHN had 
significantly lower mean levels of ALT and GGT and higher mean levels of total bilirubin and albumin 
compared to MHO and MAO (P≤0.002 for all) (Table 20). Obese subjects had similar liver function 
profiles regardless of their metabolic health status.  
Bone and joint markers were similar between MHN and MAN as well as between MHO and MAO. Uric 
acid was significantly lower in the MHN compared to MHO and MAO (P<0.001 for both categories), 
while calcium was significantly higher in MHN compared to MHO (P=0.041) and MAO (P=0.003) (Table 
20).  
The specified obesity subgroups were examined regarding coagulation markers, electrolytes and renal 
tests. Significant differences were only detected between MHN and MAO. MHN subjects had a higher 
mean for the partial thromboplastin time test (P=0.025), and higher potassium (P=0.009) and chloride 
(P=0.025) concentrations compared to MAO. MHO showed similar results for coagulation markers, 
electrolytes and renal tests when compared to MHN and MAO separately (Table 20). 
Regarding muscle markers, minerals and vitamins concentrations, CPK was significantly higher in MHO 
subjects compared to MHN (P=0.043); the statistically significant difference between MHN and MHO 
was due to a 29 year old male who was classified as MHO and had a CPK value of 532 U/L. When this 
outlier was removed, the CPK mean for MHO reduced from 101.46 (±67.66) U/L to 95.80 (±46.20) and 
the significant difference attenuated (P=0.095). Iron was significantly higher in MHN compared to MHO 
(P=0.003) and MAO (P<0.001). The concentration of vitamin B12 was significantly lower in MAN 
(P=0.012) and MAO (P=0.003) compared to MHN. No difference was found between MHO and MAO 
regarding the selected muscle markers, minerals and vitamins (Table 20). 
All of the blood count variables were similar among the specified obesity subgroups except platelet 
count. The number of blood platelets was significantly lower in MHN compared to MAO (P=0.002) (Table 
20). Among the differential white cell count variables, WBCs, lymphocytes, monocytes, and neutrophils 
 125 
were lower in MHN compared to MAO (P<0.001). MHO subjects were characterised with lower WBC, 
lymphocytes, and neutrophils compared to MAO (P=0.003, P=0.003 and P=0.041, respectively) (Table 
20). 
 
Examining gender-related hormones and thyroid function tests revealed that MHN had significantly 
higher levels of SHBG and testosterone compared to MHO (P=0.003 for SHBG and P=0.022 for 
testosterone) and MAO (P<0.001 for both hormones) (Table 20). MHO showed significantly higher 
concentrations of SHBG compared with MAO (P=0.028). The thyroid function tests indicated similar 
concentrations for T3, T4 and TSH in all four obesity subgroups.  
 
 
Table 19. Comparison between the obesity subgroups regarding demographic, anthropometric and blood pressure 
measurements and lifestyle habits. 
 
 
MHN 
(n=127) 
MAN 
(n=67) 
MHO 
(n=82) 
MAO 
(n=252) 
P value 
MHN 
versus 
MAN 
P value 
MHN 
versus 
MHO 
P value 
MHN 
versus 
MAO 
P value 
MHO 
versus 
MAO 
Age  30.02(±8.98) 40.49(±14.25) 38.82(±11.05) 44.90 (±11.72) <0.001§ <0.001§ <0.001§ <0.001§ 
Gender: 
 Females 
 Males 
 
95 (74.8%) 
32 (25.2%) 
 
36 (53.7%) 
31 (46.3%) 
 
63 (76.8%) 
19 (23.2%) 
 
170 (67.5%) 
82 (32.5%) 
 
0.003 
 
0.73 
 
0.14 
 
0.10 
Education level: 
 Did not attend or complete 
primary school 
 Primary school 
 Secondary school 
 Technical or professional school < 
university 
 University 
 Postgraduate school 
 
 
1 (0.8%)                            
1 (0.8%)                           
4 (3.2%) 
                           
31 (24.4%)                           
77 (60.6%)                       
13 (10.2%) 
 
 
1 (1.5%)                             
1 (1.5%)                           
1 (1.5%) 
                            
13 (20.0%)                            
44 (67.8%)                           
5 (7.7%)                          
 
 
2 (2.4%) 
4 (4.9%) 
6 (7.3%) 
 
16 (19.5%) 
52 (63.5%) 
2 (2.4%) 
 
 
14 (5.6%) 
16 (6.3%) 
16 (6.3%) 
 
64 (25.5%) 
123 (48.8%) 
19 (7.5%) 
 
 
0.83 o 
 
 
0.038 o 
 
 
0.006 o 
 
 
0.20 o 
Anthropometrics: 
 Body fat (%) 
 Waist circumference (cm) 
 Waist-hip ratio 
 
36.04 (±7.44) 
73.45 (±7.81) 
0.75 (±0.07) 
 
35.49 (±7.04) 
79.28 (±9.06) 
0.82 (±0.09) 
 
48.50 (±6.61) 
95.34 (±12.45) 
0.80 (±0.08) 
 
47.80 (±6.35) 
102.97 (±13.37) 
0.86 (±0.09) 
 
0.09
§§
 
1.00
§§
 
0.38
§§
 
 
<0.001
§§
 
<0.001
§§
 
0.007
§§
 
 
<0.001
§§
 
<0.001
§§
 
<0.001
§§
 
 
1.00
§§
 
<0.001
§§
 
<0.001
§§
 
Systolic Blood Pressure (mmHg) 
Diastolic Blood Pressure (mmHg) 
102.98 (±9.57) 
69.21 (±6.42) 
114.82 (±17.78) 
75.99 (±11.48) 
106.94 (±9.47) 
73.39(±6.52) 
119.89 (±17.13) 
80.17 (±10.57) 
0.17
§§
 
0.02
§§
 
1.00
§§
 
0.65
§§
 
<0.001
§§
 
<0.001
§§
 
<0.001
§§
 
0.001
§§
 
Physical activity* 
 Low 
 Moderate  
 High  
 
82 (65.1%) 
19 (15.1%) 
25 (19.8%) 
 
53 (79.1%) 
10 (14.9%) 
4 (6.0%) 
 
58 (70.7%) 
15 (±18.3%) 
9 (±11.0%) 
 
200 (79.4%) 
35(13.9%) 
17 (6.7%) 
 
0.026o 
 
0.23 
 
<0.001 
 
0.24 
Smoking: 
 Not a smoker 
 Current  
 Former  
 Prefer not to answer 
 
42 (33.1%) 
18 (14.2%) 
9 (7.1%) 
58 (45.6%) 
 
26 (38.8%) 
13(19.4%) 
2 (3.0%) 
26 (38.8%) 
 
19 (23.2%) 
9 (10.9%) 
4 (4.9%) 
50 (61.0%) 
 
72 (28.6%) 
23 (9.1%) 
18 (7.1%) 
139 (55.2%) 
 
0.42o 
 
0.20o 
 
0.25 
 
0.65o 
Continuous variables were described as means (± standard deviations) whereas categorical variables were describes as proportions (percentages). 
Comparisons between the different categories of Metabolically Healthy Normal Weight (MHN), Metabolically Abnormal Normal Weight (MAN), 
Metabolically Healthy Obese (MHO), and Metabolically Abnormal Obese (MAO) were made using Chi
2
 test or 
o
Fisher’s exact test for the 
categorical variables and General liner model (GLM) with post hoc Bonferroni correction for multiple comparisons for continuous variables. 
§
The 
GLM models were adjusted for either sex, and 
§§
models were adjusted for age and sex. P value <0.05 was considered significant. * The percentage 
was calculated out of 126 individuals for the MHN group due to missing information.  
Units abbreviations: cm = centimeters, mmHg = millimeter mercury and %= percentage. 
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Table 20. Comparison between the obesity subgroups regarding selected biomarkers of metabolic health.  
 
Biomarkers 
MHN 
(n=127) 
MAN 
(n=67) 
MHO 
(n=82) 
MAO 
(n=252) 
P value 
MHN 
versus 
MAN 
P value 
MHN 
versus 
MHO 
P value 
MHN 
versus 
MAO 
P value 
MHO 
versus 
MAO 
Lipid profile: 
 Total cholesterol  (mmol/L) 
 High density lipoprotein (mmol/L) 
 Low density lipoprotein (mmol/L) 
 Triglycerides (mmol/L) 
 
4.65 (±0.73) 
1.64 (±0.32) 
2.72 (±0.67) 
0.78 (±0.28) 
 
4.99 (±0.93) 
1.29 (±0.36) 
3.19 (±0.83) 
1.39 (±0.65) 
 
5.01 (±075) 
1.55 (±0.31) 
3.11 (±0.69) 
0.96 (±0.30) 
 
4.95 (±0.99) 
1.23 (±0.29) 
3.14 (±0.87) 
1.62 (±0.80) 
 
0.61 
<0.001 
0.007 
<0.001 
 
0.13 
0.005 
0.006 
0.013 
 
1.00 
<0.001 
0.001 
<0.001 
 
0.79 
<0.001 
1.00 
<0.001 
Diabetes related markers: 
 Insulin (µU/ml) 
 Glucose (mmol/L) 
 HbA1c (mmol/mol) 
 C-peptide (ng/ml) 
 
6.97 (±4.41) 
4.76 (±0.37) 
33.91 (±3.33) 
1.77 (±0.78) 
 
11.47 (±9.74) 
5.52 (±1. 94) 
39.54 (±12.29) 
2.58 (±1.42) 
 
11.76 (±7.20) 
4.94 (±0.33) 
36.29 (±4.61) 
2.49 (±1.05) 
 
18.26 (±19.17) 
6.26 (±2.77) 
45.26 (±16.44) 
3.47 (±1.90) 
 
0.003 
0.99 
1.00§§ 
0.004 
 
<0.001 
1.00 
1.00§§ 
<0.001 
 
<0.001 
<0.001 
<0.001§§ 
<0.001 
 
0.001 
<0.001 
<0.001§§ 
<0.001 
Inflammation markers: 
 Fibrinogen (g/L) 
 Homocysteine (μmol/L) 
 
2.75 (±0.53) 
8.53 (±2.51) 
 
3.07 (±0.76) 
10.00 (±5.15) 
 
3.37 (±0.80) 
8.89 (±2.47) 
 
3.35 (±0.56) 
8.93 (±2.70) 
 
0.008§§ 
0.34 
 
<0.001§§ 
1.00 
 
<0.001§§ 
1.00 
 
1.00§§ 
1.00 
Liver function markers: 
 Alkaline phosphatase (U/L) 
 Alanine transaminase (U/L) 
 Aspartate transaminase (U/L) 
 Gamma glutamyl transferase (U/L) 
 Total bilirubin (µmol/L) 
 Total protein (g/L) 
 Albumin (g/L)  
 
61.17 (±15.30) 
15.86 (±10.40) 
17.38 (±6.65) 
14.45 (±11.84) 
8.04 (±4.96) 
73.56 (±3.79) 
46.70 (±2.55) 
 
72.29 (±18.96) 
25.16 (±40.65) 
21.87 (±23.72) 
26.93 (±34.56) 
7.40 (±4.27) 
74.12 (±3.84) 
46.53 (±2.40) 
 
69.45 (±20.98) 
22.06 (±15.37) 
20.47 (±11.05) 
21.53 (±19.64) 
5.97 (±2.77) 
72.84 (±3.93) 
43.98 (±2.69) 
 
73.83 (±20.84) 
23.32 (±16.48) 
18.96 (±8.03) 
29.80 (±27.23) 
6.46 (±3.75) 
72.54 (±4.08) 
43.99 (±2.89) 
 
0.006 
0.74 
1.00 
0.06 
0.27 
1.00 
1.00 
 
0.025 
0.003 
0.13 
0.001 
0.002 
1.00 
<0.001 
 
<0.001 
<0.001 
1.00 
<0.001 
<0.001 
1.00 
<0.001 
 
1.00 
1.00 
0.19 
0.44 
1.00 
1.00 
1.00 
Bone and joint markers: 
 Uric acid (µmol/L) 
 Vitamin D (IU) 
 Calcium (mmol/L) 
 Phosphate (mmol/L) 
 
247.32 (±66.11) 
17.31 (±10.40) 
2.39 (±0.08) 
1.20 (±0.15) 
 
280.46 (±68.87) 
20.80 (±13.03) 
2.42 (±0.09) 
1.17 (±0.15) 
 
294.46 (±72.58) 
18.61 (±10.37) 
2.36 (±0.08) 
1.14 (±0.15) 
 
306.17 (±84.47) 
18.84 (±8.56) 
2.36 (±0.11) 
1.15 (±0.15) 
 
0.24 
1.00§§ 
1.00§§ 
1.00 
 
<0.001 
1.00§§ 
0.041§§ 
0.24 
 
<0.001 
0.63§§ 
0.003§§ 
0.39 
 
1.00 
1.00§§ 
1.00§§ 
1.00 
Coagulation tests 
 Prothrombin time (sec) 
 International normalised ratio  
 Partial thromboplastin time (sec) 
 
11.75 (±1.27) 
1.06 (±0.13) 
36.23 (±3.85) 
 
11.64 (±0.84) 
1.06 (±0.08) 
36.03 (±4.18) 
 
11.54 (±1.80) 
1.04 (±0.18) 
35.14 (±4.44) 
 
11.44 (±2.56) 
1.03 (±0.24) 
34.45 (±3.47) 
 
1.00 
1.00 
1.00 
 
1.00 
1.00 
1.00 
 
1.00 
1.00 
0.025 
 
1.00 
1.00 
1.00 
Electrolytes and renal function 
markers 
 Sodium (mmol/L) 
 Potassium (mmol/L) 
 Chloride (mmol/L) 
 Bicarbonate (mmol/L) 
 Urea (mmol/L) 
 Creatinine (µmol/L) 
 
 
139.92 (±2.28) 
4.45 (±0.36) 
101.38 (±1.95) 
26.04 (±2.00) 
4.10 (±1.19) 
61.00 (±12.54) 
 
 
140.24 (±2.60) 
4.50 (±0.36) 
100.89 (±2.32) 
26.90 (±1.81) 
4.15 (±1.09) 
66.31 (±14.62) 
 
 
139.86 (±2.53) 
4.44 (±0.34) 
101.23 (±1.75) 
26.25 (±1.81) 
4.09 (±1.20) 
63.70 (±12.96) 
 
 
139.70 (±2.54) 
4.36 (±0.32) 
100.50 (±2.38) 
26.62 (±1.96) 
4.31 (±1.29) 
63.45 (±15.15) 
 
 
1.00 
1.00 
1.00 
1.00 
0.37 
1.00 
 
 
1.00 
1.00 
1.00 
1.00 
1.00 
0.252 
 
 
0.16 
0.009 
0.025 
1.00 
0.83 
1.00 
 
 
0.91 
0.09 
0.14 
1.00 
1.00 
0.33 
Muscle markers 
 Creatine kinase (U/L) 
 Myoglobin (ng/ml) 
 
90.54 (±108.77) 
24.74 (±13.85) 
 
92.98 (±50.27) 
24.16 (±9.34) 
 
101.46 (±67.66) 
25.56 (±16.00) 
 
97.43 (±65.29) 
25.93 (±11.85) 
 
1.00§§ 
1.00§§ 
 
0.043§§ 
1.00§§ 
 
1.00§§ 
1.00§§ 
 
0.28§§ 
1.00§§ 
Minerals  
 Iron (µmol/L) 
 Total iron binding capacity (µmol/L) 
 Magnesium (mmol/L)  
 Ferritin (µg/L) 
 
15.07 (±6.10) 
60.77 (±9.31) 
0.83 (±0.05) 
47.12 (±57.28) 
 
15.21 (±5.58) 
61.22 (±8.48) 
0.85 (±0.07) 
67.98 (±58.91) 
 
12.54 (±5.57) 
63.09 (±10.26) 
0.832 (±0.04) 
47.24 (±54.76) 
 
12.64 (±5.27) 
61.86 (±9.33) 
0.80 (±0.07) 
77.24 (±93.11) 
 
1.00 
0.40 
0.44§§ 
1.00§§ 
 
0.003 
0.16 
0.21§§ 
1.00§§ 
 
<0.001 
0.14 
0.13§§ 
0.21§§ 
 
1.00 
1.00 
1.00§§ 
0.14§§ 
Vitamins blood levels 
 Folate (nmol/L) 
 Vitamin B12 (pmol/L) 
 
25.34 (±7.33) 
311.92 (±133.81) 
 
25.70 (±6.94) 
286.40 (±151.52) 
 
26.08 (±8.23) 
292.80 (±100.83) 
 
25.74 (±7.89) 
304.85 (±173.88) 
 
1.00 
0.012 
 
1.00 
0.36 
 
0.11 
0.003 
 
1.00 
1.00 
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Blood count  
 Haemoglobin (g/dL) 
 Haematocrit (%) 
 Red blood cells (RBC) (x106/µL) 
 Platelets (x103/µL) 
 Mean corpuscular volume(MCV) (fl) 
 Mean corpuscular haemoglobin 
(MCH) (pg) 
 Mean corpuscular haemoglobin 
concentration (MCHC) (g/dL) 
 Mean platelets volume (MPV) (fl) 
 
 
13.15 (±1.53) 
39.66 (±4.24) 
4.66 (±0.53) 
241.94 (±57.88) 
84.57 (±7.51) 
 
28.07 (±3.02) 
 
33.13 (±1.02) 
9.33 (±1.01) 
 
13.87 (±1.48) 
41.59 (±4.29) 
4.85 (±0.47) 
231.47 (±499.64) 
85.02 (±5.52) 
 
28.37 (±2.23) 
 
33.35 (±0.93) 
9.20 (±0.94) 
 
12.61 (±1.83) 
38.32 (±4.91) 
4.62 (±0.52) 
255.18 (±82.56) 
82.13 (±7.85) 
 
27.04 (±3.19) 
 
32.85 (1.06) 
9.52 (±1.18) 
 
13.05 (±1.90) 
39.87 (±4.67) 
4.76 (±0.50) 
252.98 (±64.10) 
83.03 (±7.14) 
 
27.30 (±2.88) 
 
32.83 (±1.00) 
9.20 (±1.09) 
 
1.00§§ 
1.00§§ 
1.00§§ 
1.00§§ 
1.00§§ 
 
1.00§§ 
 
1.00§§ 
1.00§§ 
 
0.15§§ 
0.15§§ 
1.00§§ 
0.12§§ 
0.11§§ 
 
0.12§§ 
 
0.86§§ 
1.00§§ 
 
1.00§§ 
1.00§§ 
0.73§§ 
0.002§§ 
0.16§§ 
 
0.10§§ 
 
0.31§§ 
0.90§§ 
 
1.00§§ 
0.16§§ 
0.49§§ 
1.00§§ 
1.00§§ 
 
1.00§§ 
 
1.00§§ 
0.10§§ 
Differential white cell count  
 White blood cells (WBC) (x103/µL) 
 Lymphocytes (x103/µL) 
 Monocytes (x103/µL) 
 Neutrophil (x103/µL) 
 Eosinophils (x103/µL) 
 Basophils (%) 
 
6.15 (±1.39) 
2.04 (±0.53) 
0.41 (±0.12) 
3.48 (±0.57) 
0.16 (±0.14) 
0.65 (±0.32) 
 
6.55 (±2.18) 
2.05 (±0.57) 
0.48 (±0.20) 
3.79 (±1.70) 
0.16 (±0.11) 
0.79 (±0.39) 
 
6.56 (±1.82) 
2.19 (±0.61) 
0.44 (±0.15) 
3.71 (1.49) 
0.16 (±0.13) 
0.65 (±0.33) 
 
7.38 (±2.12) 
2.45 (±0.72) 
0.49 (±0.18) 
4.19 (±1.60) 
0.19 (±0.12) 
0.65 (±0.35) 
 
0.54§§ 
1.00§§ 
0.06§§ 
0.57§§ 
1.00§§ 
0.32§§ 
 
0.26§§ 
0.18§§ 
0.52§§ 
0.91§§ 
1.00§§ 
1.00§§ 
 
<0.001§§ 
<0.001§§ 
<0.001§§ 
<0.001§§ 
0.63§§ 
1.00§§ 
 
0.003§§ 
0.003§§ 
0.28§§ 
0.041§§ 
0.42§§ 
1.00§§ 
Sex-related hormones: 
 Sex hormone binding globulin 
(nmol/L) 
 Testosterone (nmol/L) 
 Oestradiol (pmol/L) 
 
74.36 (±71.14) 
 
6.53 (±9.66) 
288.53 (±306.25) 
 
59.06 (±49.51) 
 
9.21 (±9.42) 
211.21 (±298.71) 
 
63.88(±58.39) 
 
4.70 (±6.85) 
294.64 (±394.84) 
 
46.94 (±39.36) 
 
5.66 (±7.10) 
192.36 (±227.18) 
 
1.00 
 
0.62 
1.00§§ 
 
0.003 
 
0.022 
1.00§§ 
 
<0.001 
 
<0.001 
1.00§§ 
 
0.028 
 
1.00 
0.59§§ 
Thyroid function tests  
 Triiodothyronine (T3) (pmol/L) 
 Thyroxine (T4) (pmol/L) 
 Thyroid-stimulating hormone (TSH) 
(mlU/L) 
 
4.65 (±0.61)  
14.11 (±1.64) 
1.73 (±1.57) 
 
4.60(±0.69) 
13.86 (±1.91)   
2.13 (±3.55) 
 
4.45 (±0.48) 
13.72 (±1.60) 
2.00 (±1.54) 
 
4.52 (±0.69)  
13.88 (±2.27)   
2.07 (±2.97) 
 
1.00 
1.00 
1.00 
 
1.00 
0.87 
1.00 
 
1.00 
1.00 
1.00 
 
1.00 
1.00 
1.00 
Variables were described as means (± standard deviations). Comparisons between the different categories of Metabolically Healthy Normal 
Weight (MHN), Metabolically Abnormal Normal Weight (MAN), Metabolically Healthy Obese (MHO), and Metabolically Abnormal Obese 
(MAO) were made using General liner model (GLM) with post hoc Bonferroni correction for multiple comparisons.
 §§
The GLM models were 
adjusted for age and sex only. The rest of the models were adjusted for age, sex and fasting hours. P value <0.05 was considered significant. 
Total cholesterol, high density lipoprotein, triglyceride, random glucose, insulin, C-peptide, alkaline transaminase, aspartate transaminase, 
gamma glutamyl transferase, uric acid, vitamin D, creatine kinase, vitamin B12, and sex hormone binding globulin were transformed using 
natural logarithm. Units abbreviations: fl= fluid ounce, g/L = gram per liter, g/dL = gram per deciliter, IU = international unit, mIU/ L= milli-
international unit per liter, mmol/L = milli-mol per liter, µmol/ L = micro-mole per liter, µg/ L = micro-gram per liter, µU/ml= micro-unit per 
milliliter, ng/ml = nono-gram per milli-liter, nmol/L= nano-mol per liter, pmol/L = pico-mol per liter, pg= pico-gram, U/L = unit per liter, sec = 
seconds.  
 
 
 
12.2. Summary of results. 
The results of this chapter can be summarised as following: 
 
1. Among the study population, the prevalence of MHN, MAN, MHO and MAO was 14.4%, 
7.6%, 9.3%, and 28.7%, respectively. Among the obese subjects 24.6% were MHO and 
among the normal weight subjects, 34.5% were MAN. 
2. Compared to those who were MHN, MAN subjects were older and more likely to be 
men. MAN subjects were characterised by lower levels of physical activity, HDL, and 
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vitamin B12; in contrast, they had higher DBP, LDL, TG, insulin, C-peptide, fibrinogen, 
and ALP than MHN individuals. 
3. Compared to MHN individuals, MHO subjects were older, and less educated. MHO 
subjects were characterised with higher BF%, WC, W-H ratio, LDL, TG, insulin, C-peptide, 
fibrinogen, ALP, ALT, GGT, total bilirubin, albumin, uric acid and CPK than MHN 
individuals; furthermore, they had lower concentrations of HDL, calcium, iron, SHBG and 
testosterone than MHN subjects.  
4. Compared to MHN individuals, MAO subjects were older, and significantly less 
educated. In addition, they were characterised by higher BF%, WC, W-H ratio, SBP, DBP, 
LDL, TG, insulin, glucose, HbA1c, C-peptide, fibrinogen, ALP, ALT, GGT, total bilirubin, 
albumin, uric acid, WBC, lymphocytes, monocytes, and neutrophils than MHN. MAO 
subjects also had lower levels of physical activity, HDL, calcium, partial thromboplastin 
time, potassium, chloride, iron, vitamin B12, platelet count, SHBG and testosterone 
compared to those who were MHN. 
5. The MHO group differed from the MAO group by being younger with lower levels of WC 
and W-H ratio, SBP, DBP, TG, insulin, glucose, HbA1c, C-peptide, WBC, lymphocytes and 
neutrophils.  MHO individuals were characterised by higher HDL and SHBG than MAO. 
 
 
12.3. Discussion of results.  
 
12.3.1. Prevalence of MAN and MHO individuals. 
Among the Qatari participants of the QBB pilot phase, approximately one-third of the lean subjects were 
metabolically unhealthy (≥1 of the MetS components), whereas about a quarter of the obese subjects 
were metabolically healthy (0 of the MetS components). The prevalence of MAN and MHO in other 
cohort studies varies; Wildman and colleagues (2008) reported that among the 5,440 subjects of the 
NHANES 1999-2004 cohort, 23.5% of lean subjects were MAN and 31.7% of obese subjects were MHO. 
Another large population-representative study by Meigs and colleagues (2006) reported that among 
2,902 individuals, the prevalence of MAN was 2.6% when defined by ≥3 components of the MetS (NCEP 
ATPIII) and 2.7% when defined by the 4th quartile of the HOMA test; in addition, MHO prevalence was 
reported as 8.1% when defined by <3 components of the MetS (NCEP ATPIII) and 9.3% when based on 
the 1-3 quartiles of the HOMA test. A much higher prevalence of MAN was reported by a study 
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conducted in Venezuela (45%) (Molero-Conejo et al, 2003); however, such a high prevalence could be 
attributed to using low cutoff point for fasting insulin, small sample size (n=167) of adolescents aged 14 
to 17 years and to the ethnicity of the subjects since the MetS was found to be higher among Hispanics 
compared to non-Hispanic Whites and non-Hispanic Blacks (Conus et al, 2007; and Wildman et al, 2008). 
As such, it is difficult to compare the variation in prevalence of MAN and MHO reported in the literature 
in different populations with this current study findings in a Qatari population due to lack of a standard 
criteria to define metabolic health.  
 
12.3.2. MHN compared with MAN individuals. 
Despite a BMI  (≥18.5 – 24.9 kg/m2) and anthropometric measurements similar to the reference group 
(MHN), the MAN subjects of the QBB pilot phase were found to have significantly higher DBP, LDL, TG, 
fibrinogen, and ALP levels and lower insulin sensitivity, along with lower levels of HDL and vitamin B12. 
A review of several studies conducted among different populations using multiple criteria to define the 
MAN subgroup concluded that MAN subjects were characterised with lower insulin sensitivity, higher 
blood pressure and elevated lipid profiles compared to their healthy counterparts (Conus et al, 2007). 
Moreover, a study conducted among 2,040 participants, of which 800 individuals were MAN and 572 
individuals were MHN (metabolic health was defined by Wildman et al (2008) criteria), reported that 
MHN individuals had lower concentrations of inflammatory and coagulation markers including CRP, 
interleukin-6, TNF-alpha and plasminogen inhibitor-1 compared to MAN (Philips and Perry, 2013). Since 
fibrinogen expression is associated with interleukin-6 concentration (Igaz et al, 1998), it is anticipated 
that fibrinogen levels would be higher in MAN compared to MHN. To our knowledge, vitamin B12 and 
ALP concentrations have not been compared between MHN and MAN subjects. 
 
Differences between MHN and MAN subgroups could be attributed to multiple factors including age and 
physical activity levels. In the current study MAN subjects were older and characterised by significantly 
lower physical activity compared to MHN. Several epidemiological studies found that metabolic 
abnormalities such as hypertension, high cholesterol, insulin resistance and inflammation increase with 
age and sedentary lifestyle (Ford et al, 2002; Fruge et al, 2015; and Conus et al, 2007). Although using 
different criteria to define MAN, the review by Conus et al (2007) concluded that the difference in 
metabolic profile between MHN and MAN was attributed to the difference in the magnitude of physical 
activity. Furthermore, vitamin B12 was inversely associated with age (P<0.05) in a study conducted by 
Tucker and colleagues (2000), whereas ALP concentration was positively correlated with age (P<0.001) 
and elevated DBP (P<0.001) (Webber et al, 2010). 
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Differences in visceral fat could be another factor discriminating between the metabolic health profile of 
MHN and MAN. In the current study, WC measurement can be used as an approximate measure of 
visceral fat; MAN subjects had slightly higher, although not statistically significant, WC compared to 
MHN. Two epidemiological studies reported that visceral fat was associated with higher blood pressure, 
insulin resistance, atherogenic lipid profile and higher levels of inflammation (Donohoe et al, 2011; 
Boyko et al, 2000; and Conus et al, 2007). The previously cited review on MAN by Conus and colleagues 
(2007) found that MAN subjects had significantly increased abdominal and visceral obesity compared to 
MHN. The significantly higher TG levels in MAN compared to MHN subjects in the current study might 
be a potential indication of higher visceral fat in MAN. Karelis et al (2004) suggested that higher TG 
levels in MAN is due to reduced level of fat storage in adipose tissues and elevated fat storage in non-
physiological depots, for example liver and muscle. This was supported by the findings of Seppala-
Lindroos and colleagues (2002) that identified a higher amount of fat accumulation in the liver of non-
obese subjects who had high levels of plasma triglycerides.  
Different dietary habits between MHN and MAN subjects could be a potential factor for variation in 
some biomarker levels. For instance, circulating vitamin B12 has been positively associated with diets 
high in animal products including meat, fish, eggs and milk among 2,999 participants from the 
Framingham offspring study (Tucker et al, 2000). ALP was positively associated with a high carbohydrate 
and high calorie diet when examined among 12 healthy men in an open randomised three-way cross-
over study (Purkins et al, 2004). In the latter study, ALP activity in the high carbohydrate and high calorie 
diet group was higher by 6% (95% CI 1 - 11, P=0.017) relevant to a normal diet and higher by 8% (95% CI 
3 - 12, P=0.003) than the mean ALP activity of a high fat and high calorie diet.  
Further studies are needed to confirm whether visceral fat and difference in dietary habits are 
associated with variation in metabolic health biomarkers between the MHN and MAN subgroups in this 
Qatari population. In addition, longitudinal studies on the MAN subgroup are required to identify their 
level of risk for developing morbidities. A longitudinal study by Meigs et al (2006) reported that over a 
seven-year follow-up period, 6.7% of the identified MAN subjects developed diabetes, which was lower 
than the corresponding proportion among obese individuals (16.7%) but higher than that in MHO (3%) 
and MHN subjects (1.2%). The latter study reported a higher cumulative incidence of CVD in MAN 
(21.3%) compared to all obese subjects (13.9%), MHO (8.1%) and MHN (4.8%). Modification or 
improvement of dietary and lifestyle habits such as increasing physical activity, healthy diet and 
reducing visceral fat could be suggested for subjects characterised with MAN, in addition to 
pharmacological interventions in order to correct lipid profiles and high blood pressure if required. 
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12.3.3. MHN compared with MHO and MAO individuals. 
In the present study, obese subjects regardless of their metabolic health status were characterised by 
higher concentrations of lipids, insulin sensitivity markers, fibrinogen, liver enzymes, uric acid along with 
lower levels of HDL, total bilirubin, albumin, calcium, iron and gender-related hormones compared to 
MHN. Only MAO subjects had higher blood pressure, glucose, HbA1c, platelet count, differential white 
cells count, lower values of partial thromboplastin time, renal electrolytes, and lower vitamin B12 
concentrations compared to MHN. Several epidemiological studies explored the metabolic health profile 
of the obesity subgroups and compared them with the metabolic profile of lean subjects. HDL was 
consistently lower in obese individuals regardless of their metabolic health status compared to lean 
subjects (Marini et al, 2014; Durward et al, 2012; Wildman et al, 2008; Kramer et al, 2013). In addition, 
lipids (TG, TC, and LDL), insulin sensitivity markers (insulin, C-peptide, glucose and HbA1c) and liver 
enzymes (ALT, AST and GGT) were higher in MHO and MAO compared to lean individuals (Marini et al, 
2014; Kramer et al, 2013; Durward et al, 2012; Wildman et al, 2008; and Meigs et al, 2006). Direct 
comparison between our findings with other studies is challenging due to the use of different definitions 
of metabolic health status and using different reference groups as some studies combine MHN and MAN 
in the control group which makes true differences between the obesity subgroup more difficult to 
detect.  
 
Older age, sedentary lifestyle and elevated adiposity are possible factors for the altered metabolic 
health profile in MHO and MAO compared to MHN since these variables are associated with metabolic 
morbidities (Ford et al, 2002; Fruge et al, 2015; Conus et al, 2007). Obesity has been associated with 
hypertension (Kotsis et al, 2010), insulin resistance (Caballero, 2004; The Emerging Risk Factor 
Collaboration, 2011), and dyslipidemia (Klop et al, 2013), as well as higher levels of fibrinogen (Nguyen 
et al, 2009), uric acid (Bonora et al, 1996), platelet count, WBC count, monocyte count, total leukocyte 
count and total lymphocyte count (Samocha- Bonet et al, 2008; Kullo et al, 2002; and Ryder et al, 2014). 
On the other hand, albumin (Visser et al, 2005), total bilirubin (Jemko-Praznikar et al, 2013), calcium 
(Zemel et al, 2000), iron (Neymotion and Sen, 2010), vitamin B12 (Balraci et al, 2013), SBHG and 
testosterone (Svartberg et al, 2004) have been inversely associated with obesity.  
Lower levels of partial thromboplastin time, potassium and chloride in MAO but not in MHO compared 
to MHN might be related to the metabolic health status definition as MAO subjects were characterised 
as having at least 1 of the MetS components whereas MHO did not. Partial thromboplastin time, 
potassium and chloride levels could be affected by medications used to control the MetS components, 
for example, thiazide diuretics are commonly used to control hypertension and found to lower serum 
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potassium as a common side effect (Chatterjee et al, 2011). Moreover, aspirin is used to lower blood 
pressure and is known to interfere with blood clotting; therefore, may affect the partial thromboplastin 
time results.  
The difference observed between MHN and MHO regarding mean CPK level was due to an outlier that 
was highly physically active, which skewed the MHO subgroup’s mean to the right. The normal range for 
CPK in a healthy adult is 22 to 198 U/L. Exercise increases the outflow of CPK in the blood for about a 
week (Johnsen et al, 2011), higher levels of CPK test indicates muscle tissue damage; therefore, higher 
levels of CPK in this participant (532 U/L) might have been due to vigorous exercise or muscle injury or 
possibly a chronic disease. 
12.3.4. MHO compared with MAO individuals.  
In the current study, MHO subjects were significantly different from MAO subjects by being younger and 
having lower measurements of central obesity, blood pressure, TG, insulin sensitivity markers, 
differential white cells count, in addition to, higher HDL, and SHBG concentration.  
 
In the literature, difference in age and anthropometric measures between MHO and MAO was 
dependent on the metabolic health status definition and the study population characteristics. Phillips 
and Perry et al (2013) applied five different criteria to define metabolic health in a cross-sectional study 
of 2,047 men and women. They reported that MHO subjects were younger than MAO when Karelis et al 
(2004) and definition “A” by Megis et al (2006) guidelines were applied; however, MHO and MAO had 
similar age when Wildman et al (2008), definition “B” by Megis et al  (2006) and Aguilar-Salinas et al 
(2008) criteria were used. Studies by Aguilar-Salinas et al (2008) and Marini et al (2014) reported no 
difference between MHO and MAO regarding their age. In contrast, Wildman et al (2008) revealed that 
younger age was associated with a metabolically healthy phenotype after conducting multivariate 
regression models among overweight and obese subjects. Some epidemiological studies on obesity 
subgroups reported that MHO individuals were characterised with lower WC compared to MAO 
(Durward et al, 2012; and Aguilar-Salinas et al, 2008), whereas, others did not (Philips et al, 2013b; and 
Marini et al, 2014). MAO subjects are more likely to be older and with higher central obesity compared 
to MHO subjects and that may explain their atherogenic metabolic profile as described earlier.   
Epidemiological studies of blood pressure in MHO have been inconsistent, as some studies indicated 
lower blood pressure values in MHO compared to MAO (Succurro et al, 2008; Genelhu et al 2009; and 
Kramer et al, 2013), whereas others have not (Karelis et al, 2005; Brochu et al, 2001; Lynch et al, 2009; 
and Phillips and Perry, 2013). It remains challenging to ascertain whether inconsistency in results from 
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epidemiological studies of blood pressure in MHO is due to truly weak associations or due to 
inconsistent definitions for MHO. 
Several studies have consistently shown, regardless of the definition used, that MHO subjects present 
favorable lipid profiles (lower TG and higher HDL) compared to MAO (Brochu et al, 2001; Karelis et al, 
2005; Succurro et al, 2008; and Genelhu et al, 2009) and lower levels of insulin, glucose and HbA1c 
concentrations (Brochu et al, 2001; Karelis et al, 2005; Succurro et al, 2008; Genelhu et al, 2009; and 
Lynch et al, 2009).  
Findings about differential white cell counts in obesity subgroups were inconsistent. Among 158 MHO 
individuals and 510 MAO subjects of the Mitchelstown cohort, MHO people presented with lower levels 
of WBCs compared to MAO (Philips and Perry, 2013). On the other hand, Lynch and colleagues (2009) 
reported no difference in WBC concentrations between MHO and MAO. Higher levels of WBCs, 
lymphocytes and neutrophils in MHO compared to MAO may suggest that the immune system in MHO 
was less affected by the excess adiposity stress (Wellen and Hotamislligil, 2005). Further research is 
needed to examine adipose cell differentiation markers such as adiponectin, which plays a role in 
immunological response. 
SHBG is a hepatic protein and its circulatory concentration is modulated by insulin (Daka et al, 2013) and 
affected by visceral and liver fat accumulation (Peter et al, 2010). Epidemiological studies found that 
SHBG levels are reduced with increasing age and BMI levels (Cooper et al, 2015); therefore, the higher 
levels of SHBG in MHO subjects of the QBB pilot phase might be attributed to the younger and 
potentially lower liver fat content (estimated by the lower WC and W-H ratio) compared to MAO. 
Another reason could be the substantially higher concentrations of insulin in MAO compared to MHO 
subjects. Daka and colleagues (2013) indicated a strong inverse association between SHBG and fasting 
insulin independent of age and BMI among 2,782 Swedish men and women and suggested that insulin 
has an inhibitory role on the hepatic SHBG production.  
Although several epidemiological studies indicated more favorable profiles of liver enzymes among 
MHO individuals than in MAO (Messier et al, 2010; and Yoo et al, 2013), the current study found similar 
profiles for both subgroups. A study by Messier and colleagues (2010) indicated that among MHO 
subjects, levels of AST, ALT and GGT were significantly lower by 16.2%, 32.8% and 38.3%, respectively 
compared to MAO individuals; however, the study was small (n=104) and based on sedentary post-
menopausal women. Messier and colleagues (2010) suggested that the lower hepatic enzymes in MHO 
were due to lower hepatic insulin resistance and lower liver fat content. The study by Yoo et al (2013) 
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included 330 obese Korean men and used four different definitions to identify the MHO subjects; only 
ALT was significantly lower in MHO compared to MAO regardless of the definition used. Further studies 
are needed to fully investigate the relation between hepatic enzymes and liver fat in a Qatari 
population. 
Among the QBB participants, MHO subjects did not differ from MAO subjects regarding their physical 
activity. The literature shows mixed findings for the difference in physical activity between MHO and 
MAO. Brochu et al (2001) did not identify differences between MHO and MAO regarding physical 
activity or energy expenditure in postmenopausal women. Similar findings were reported by Shin and 
colleagues (2006) in Korean women with a wider age range. However, some studies have reported that 
MHO subjects were more physically active than MAO (Wildman et al, 2008; and Jennings et al, 2008). 
The similar physical activity level between MHO and MAO in the current study might be attributed to 
the high percentage of physically inactive individuals in the sample population (74.1%).  
12.3.5. Further analyses. 
In the future, it would be helpful to agree on a standardised definition of metabolic health in order to be 
able to compare between the findings of different studies. Mainly, the inconsistent findings about the 
MHO characteristics could be attributed to the lack of standard definition for metabolic health and in 
some studies the small sample size along with variation in study sample characteristics.  
 
Future studies on the QBB participants should consider using the measurements taken by iDEXA and 
bioelectrical impedance to categorise the obesity subgroups. The findings regarding the different obesity 
subgroup metabolic characteristics can be then compared with the findings of the current study. 
Further measurements and biomarkers could be used for comparisons between the obesity subgroups; 
for example, difference in the intima media thickness of the carotid artery between the obesity 
subgroups was noted in other populations. In a study by Oflaz and colleagues (2003), despite normal 
metabolic profiles, MHO showed early atherosclerotic changes including higher intima media thickness 
of the carotid artery and lower flow-mediated dilation compared with MHN. CRP, TNF-alpha, 
interleukin-6, adiponectin and leptin have been extensively investigated in different populations (Phillips 
and Perry, 2013); although these biomarkers are not currently available on the QBB participants, future 
analyses of these biomarkers in the QBB population would be beneficial for future research on 
metabolic disorders including obesity.  
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CHAPTER 13: Association of body fatness indices with C-peptide. 
 
 
13.1. Presentation of results. 
13.1.1. Distribution of C-peptide.  
The mean concentration of serum C-peptide among the Qatari participants (n= 852) of the QBB pilot 
was 2.71 (± 1.62) ng/ml. Females had significantly lower C-peptide concentrations compared to men 
(females: 2.62 ± 1.53 ng/ml and males: 2.86 ± 1.75 ng/ml, P=0.032). The distribution of serum C-peptide 
across age groups, BMI categories, BF%, WC, W-H ratio and self-reported history of diabetes is shown in 
Table 21. C-peptide increased with age ranging from 2.08 (± 1.07) ng/ml in the <25 years old group to 
3.41 (± 2.02) ng/ml in the ≥55 years old group (P<0.001 across all age categories); these findings were 
similar in men and women. C-peptide also increased with increasing BMI levels (P<0.001), with the 
lowest concentration among underweight subjects (1.46 ± 0.52 ng/ml) and the highest concentration 
among obese subjects (3.23 ± 1.78 ng/ml); these findings were similar in men and women. The 
distribution of C-peptide across the different levels of BF% was similar to that found across the different 
BMI categories for both genders. A significant increase in mean C-peptide levels was found among 
subjects with high WC and W-H ratio compared to subjects with low WC and W-H ratio for both females 
and males (P<0.001 for all). Diabetic subjects were characterised with significantly higher serum C-
peptide concentrations (3.37 ± 1.82 ng/ml) compared to non-diabetics (2.60 ± 1.56 ng/ml). One male 
and two females preferred not to answer the history of diabetes question, the C-peptide concentration 
for the male was 3.61 ng/ml and the mean level for the two females was 2.53 (± 0.66) ng/ml. 
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Table 21. Mean C-peptide concentration (ng/ml) across age, body fatness indices and self-reported history of 
diabetes among Qatari men and women (n=852).   
Characteristics Males Females Total 
Gender 
                                              P value  
      2.86 (±1.75)                2.62 (±1.53) 
                           P= 0.032 
2.71 (±1.62) 
Age categories: 
 <25 years 
 25-34 years 
 35-44 years 
 45-54 years 
 ≥55 years  
                   P value for trend  
 
2.54 (±1.33) 
2.52 (±1.55) 
2.92 (±1.86) 
2.99 (±1.55) 
3.61 (±2.28) 
=0.002 
 
1.88 (±0.86) 
2.28 (±1.43) 
2.92 (±1.66) 
2.85 (±1.39) 
3.30 (±1.87) 
<0.001 
 
2.08 (±1.07) 
2.37 (±1.48) 
2.92 (±1.74) 
2.90 (±1.44) 
3.41 (±2.02) 
<0.001 
BMI categories: 
 Under weight (<18.5 kg/m
2
) 
 Normal (≥18.5 – 24.9 kg/m
2
) 
 Over weight (≥25– 29.9 kg/m
2
) 
 Obese (≥ 30 kg/m
2
) 
                  P value for trend 
 
1.22 (±0.25) 
2.30 (±1.40) 
2.78 (±1.66) 
3.41 (±1.93) 
=0.007 
 
1.50 (±0.54) 
1.91 (±0.93) 
2.61 (±1.44) 
3.14 (±1.71) 
<0.001 
 
1.46 (±0.52) 
2.03 (±1.11) 
2.69 (±1.54) 
3.23 (±1.78) 
<0.001 
BF% categories: 
Men: 
 Essential fat (2.0-5.9%) 
 Athletes (6.0-13.9%) 
 Fitness (14.0-17.9%) 
 Average (18.0-24.9%) 
 Obese (≥25%) 
P value for trend  
Women: 
 Essential fat (10.0-13.9%) 
 Athletes (14.0-20.9%) 
 Fitness (21.0-24.9%) 
 Average (25.0-31.9%) 
 Obese (≥32%) 
                  P value for trend 
 
 
No observations 
No observations 
1.18 (±0.26) 
1.54 (±0.78) 
3.02 (±1.80) 
           =0.005 
 
- 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
- 
 
No observations 
No observations 
No observations 
1.53 (±0.64) 
2.64 (±1.60) 
=0.005 
 
- 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
- 
Waist circumference categories: 
Men: 
 <94 cm 
 ≥94 cm 
Women: 
 <80 cm 
 ≥80 cm 
                                   P value  
 
 
2.26 (±1.20) 
3.38 (±1.97) 
 
- 
- 
<0.001 
 
 
- 
- 
 
1.93 (±1.08) 
3.02 (±1.61) 
<0.001 
 
 
- 
- 
 
- 
- 
Waist-Hip ratio categories: 
Men: 
 <0.9  
 ≥0.9  
Women: 
 <0.85  
 ≥0.85 
                                  P value  
 
 
2.44 (±1.46) 
3.21 (±1.88) 
 
- 
- 
<0.001 
 
 
- 
- 
 
2.41 (±1.39) 
3.47 (±1.77) 
<0.001 
 
 
- 
- 
 
- 
- 
Diabetes categories: 
Not diabetic 
Diabetic 
Prefer not to answer* 
                                            P value 
 
2.76 (±1.68) 
3.45 (±2.03) 
3.61 (±0) 
= 0.016 
 
2.50 (±1.47) 
3.33 (±1.71) 
2.53 (±0.66) 
<0.001 
 
2.60 (±1.56) 
3.37 (±1.82) 
2.74 (±0.75) 
<0.001 
Numbers represent means ± standard deviations. Student’s t-test was used to test differences between 2 groups and analysis of 
variance (ANOVA) with post hoc adjustment for polynomial contrast for linear trend analysis was used to test trend between 3 
or more groups. * This category was not included in the Student’s t-test analysis. P value <0.05 is significant. Abbreviations: BMI 
= body mass index, BF% = body fat percentage. Units abbreviations: cm= centimeters, kg/m
2
 = kilogram per meter squared. 
 137 
13.1.2. Association of body fatness indices with C-peptide. 
13.1.2.1. Association of body mass index with C-peptide. 
As expected, there was a positive association between C-peptide and BMI that persisted after 
adjustment for age, gender, education level, physical activity, smoking habit, history of diabetes, lipid 
profiles, SBP, DBP, glucose and HbA1c (Table 22). A 10% increase in C-peptide level was associated with 
0.32 kg/m2 increase in BMI (95% CI = 0.23 – 0.40, P<0.001). Further adjustment for fasting hours showed 
similar findings. The fully adjusted regression model (Model-3) explained 28.3% of the BMI variability in 
this population. Stepwise regression models (results not shown) found that age, DBP and HDL were the 
strongest confounders in the association between BMI and C-peptide among this sample of Qataris. 
Age, DBP and HDL explained about 4.6%, 2.2% and 2.1%, respectively, of the BMI variability. Each of the 
rest covariates explained <1% of the BMI variability. 
 
When an interaction term of C-peptide with either gender or history of diabetes was included in Model-
3 no significant interaction was detected (P=0.872 and P=0.660, respectively). The association between 
BMI and C-peptide was significantly different in non-fasting subjects compared to fasting subjects 
(P=0.001 for interaction); it was stronger among the fasting participants (Figure 11). A 10% increase in C-
peptide was associated with 0.21 kg/m2 (95% CI= 0.04 - 0.37, P=0.01) increase in BMI among non-fasting 
individuals, whereas, it was associated with 0.38 kg/m2 (95% CI = 0.27 – 0.49, P<0.001) higher BMI 
among fasting individuals.  
 
Using the Sobel test, glycaemia was found to partially mediate the association between BMI and C-
peptide by 9.5% (P<0.001). When glycaemia was removed from the multiple linear regression model 
(Model-3) the result was similar to Model-3 with glycaemia (beta= 0.31 kg/m2, P<0.001 for Model-3 
without glycaemia). 
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Table 22.  Association between the specified body fatness indices and C-peptide.  
Dependent 
variables 
Amount of change in body fatness 
index equivalent to 10% increase 
in C-peptide 
95 % confidence 
interval* 
P value R
2
% 
BMI 
Model-1 
Model-2 
Model-3 
 
0.40 
0.32 
0.31 
 
0.32 - 0.47 
0.23 – 0.40 
0.23 – 0.40 
 
<0.001 
<0.001 
<0.001 
 
22.4% 
28.2% 
28.3% 
BF% 
Model-1 
Model-2 
Model-3 
 
0.42 
0.34 
0.33 
 
0.34 – 0.51 
0.24 – 0.44 
0.23 – 0.43 
 
<0.001 
<0.001 
<0.001 
 
52.3% 
55.8% 
55.8% 
WC 
Model-1 
Model-2 
Model-3 
Model-4 
 
1.00 
0.80 
0.81 
0.26 
 
0.85 – 1.15 
0.63 – 0.98 
0.63 – 0.99 
0.16 – 0.36 
 
<0.001 
<0.001 
<0.001 
<0.001 
 
43.7% 
49.5% 
49.6% 
84.9% 
W-H ratio 
Model-1 
Model-2 
Model-3 
 
0.003 
0.002 
0.002 
 
0.003 – 0.004 
0.001 – 0.003 
0.001 – 0.003 
 
<0.001 
<0.001 
<0.001 
 
61.3% 
64.7% 
65.2% 
* For the multiple linear regression analyses C-peptide was transformed using the natural logarithm, however, the numbers 
presented in the table were transformed back to the normal scale using this formula (coefficient x Ln(1.10)). 
Abbreviations: BF%= body fat percentage, BMI= body mass index, WC= waist circumference, and W-H ratio = waist-hip ratio. 
Model-1 = adjustment for age, sex, education level, physical activity (continuous variable), smoking habit and history of 
diabetes. 
Model-2= Model-1 plus adjustment for Ln-triglycerides, Ln- high density lipoprotein, Ln- glycaemia, glycated haemoglobin, low 
density lipoprotein, systolic and diastolic blood pressure. 
Model-3= Model-2 plus adjustment for fasting hours (continuous variable). 
Model-4 = Model-3 plus adjustment for BMI. 
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Figure 11. Regression analysis between body mass index and C-peptide among non-fasting and fasting 
participants. C-peptide was transformed using the natural logarithm and measured in nano-gram per millimeter (ng/ml) and * 
body mass index was measured in kilograms per meter squared (kg/m
2
). The beta coefficient of the regression model was 0.21 
kg/m
2
 (P=0.011) for non-fasting subjects and was 0.38 kg/m
2
 (<0.001) for the fasting subjects.  
 
13.1.2.2. Association of body fat percentage with C-peptide. 
A positive relationship was found between C-peptide and BF% that persisted after adjustment for all of 
the selected confounders (Table 22). A 10% increase in C-peptide level was associated with 0.33% 
increase in BF% (95% CI = 0.23 – 0.43, P<0.001). The fully adjusted regression model explained 55.8% of 
the BF% variability. Stepwise regression model analysis indicated that age, DBP and HDL were the 
strongest confounders in the association between BF% and C-peptide among this sample of Qataris 
(results not shown). Age, DBP and HDL explained about 40.5%, 3.5% and 2.3%, respectively, of the BF% 
variability. Each of the rest covariates explained <1% of the BF% variability. 
 
When the interaction term (C-peptide X history of diabetes) was included in Model-3 no significant 
interaction was detected (P=0.108). However, the association of C-peptide with BF% was stronger in 
men compared to women and in fasting compared to non-fasting subjects (P=0.001 for interaction with 
gender and P=0.017 for interaction with fasting hours) (Figures 12-13). A 10% increase in C-peptide was 
associated with 0.17% (95% CI= 0.04 - 0.29, P=0.007) increase in BF% among women, whereas, it was 
associated with 0.56% (95% CI = 0.39 – 0.73, P<0.001) increase in BF% among men. Moreover, a 10% 
increase in C-peptide concentration was associated with 0.22% (95% CI = 0.03 – 0.41, P=0.023) higher 
BF% in non-fasting subjects and with 0.38% (95% CI = 0.25 – 0.51, P<0.001) higher BF% among fasting 
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subjects. Using the Sobel test, glycaemia was not found to mediate the association between BF% and C-
peptide among the Qatari participants of the QBB pilot phase. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. Regression analysis between body fat percentage and C-peptide among men and women. 
C-peptide was transformed using the natural logarithm and measured in nano-gram per milliliter (ng/ml). The beta coefficient of 
the regression model was 0.17% (P=0.007) for women and was 0.56% (<0.001) for men.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Regression analysis between body fat percentage and C-peptide among non-fasting and fasting 
participants. C-peptide was transformed using the natural logarithm and measured in nano-gram per milliliter (ng/ml). The 
beta coefficient of the regression model was 0.22% (P=0.023) for non-fasting subjects and was 0.38% (<0.001) for the fasting 
subjects.  
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13.1.2.3. Association of waist circumference with C-peptide. 
C-peptide was positively associated with WC in all of the examined regression models (Table 22). In the 
fully adjusted model (Model-3), a 10% increase in C-peptide level was associated with 0.81 cm increase 
in WC (95% CI = 0.63 – 0.99, P<0.001). Additional adjustment for BMI in Model-4 reduced the beta 
coefficient of the regression model and increased the R2 value. In Model-4, a 10% higher C-peptide level 
was associated with higher WC by 0.26 cm (95% CI = 0.16 – 0.36, P<0.001). The fully adjusted regression 
model (Model-3) explained 49.6% of the WC variability, whereas, Model-4 explained 84.9%. Stepwise 
regression models revealed that gender, age, DBP and HDL were the strongest confounders in the 
association between WC and C-peptide among this sample of Qataris (results not shown). Gender, age, 
HDL and DBP explained about 12.1%, 7.8%, 2.3% and 1.7%, respectively, of the WC variability. Each of 
the rest covariates explained <1% of the BMI variability. 
 
When the interaction term (C-peptide X gender or C-peptide X history of diabetes) was included in 
Model-3, no significant interaction was detected (P=0.583 and P=0.263, respectively); however, the 
association between C-peptide and WC was stronger in the fasting compared to the non-fasting subjects 
(P<0.001 for interaction) (Figure 14). A 10% increase in C-peptide concentration was associated with 
0.57 cm (95% CI = 0.25 – 0.88, P=0.001) higher WC in non-fasting subjects and with 0.97 cm (95% CI = 
0.74 – 1.20, P<0.001) higher WC among fasting subjects.  
 
Using the Sobel test, glycaemia was found to partially mediate the association between WC and C-
peptide by 12%. Excluding glycaemia from Model-3 showed similar results to Model-3 with glycaemia 
(beta = 0.81 for Model-3 without glycaemia, P<0.001). 
 
 
 
 
 
 
 
 
 
 
 
 
 142 
 
 
 
 
 
 
 
 
 
 
Figure 14. Regression analysis between waist circumference and C-peptide among non-fasting and fasting 
participants. C-peptide was transformed using the natural logarithm and measured in nano-gram per milliliters (ng/ml). Waist 
circumference was measured in centimeters (cm). The beta coefficient of the regression model was 0.57 cm (P=0.001) for non-
fasting subjects and was 0.97 cm (<0.001) for the fasting subjects.  
 
 
 
13.1.2.4. Association of waist-hip ratio with C-peptide blood levels. 
C-peptide levels were positively associated with W-H ratio in all of the examined regression models 
(Table 22). In the fully adjusted model (Model-3), a 10% increase in C-peptide level was associated with 
0.002 elevation in W-H ratio (95% CI = 0.001 – 0.003, P<0.001). Model-3 explained 65.2% of the W-H 
ratio variability. Stepwise regression models revealed that gender, age, history of diabetes, TG and HDL 
were the strongest confounders in the association between W-H ratio and C-peptide among this sample 
of Qataris (results not shown). Gender, age, history of diabetes, TG and HDL explained about 33.9%, 
11.7%, 2.1%, 1.6% and 1%, respectively, of the W-H ratio variability. Each of the rest covariates 
explained <1% of the W-H ratio variability. 
 
When the interaction terms between C-peptide and either gender or history of diabetes were included 
in Model-3 no significant interaction was detected (P=0.263 and P=0.242, respectively); however, fasting 
status appeared to modify the association between W-H ratio and C-peptide (P<0.001 for interaction) 
(Figure 15). The association of C-peptide with W-H ratio was not significant among non-fasting subjects; 
however, it was significant among fasting subjects (beta= 0.003, 95% CI = 0.002 – 0.004, P<0.001).  
 
Using the Sobel test, glycaemia was found to partially mediate the association between W-H ratio and C-
peptide by 16.9%. Excluding glycaemia from Model-3 yielded similar results to Model-3 with glycaemia 
(beta = 0.002 for Model-3 without glycaemia, P<0.001). 
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Figure 15. Regression analysis between waist-hip ratio and C-peptide among non-fasting and fasting 
participants. C-peptide was transformed using the natural logarithm and measured in nano-gram per milliliters (ng/ml). The 
beta coefficient of the regression model was 0.001 (P=0.057) for non-fasting subjects and was 0.003 (<0.001) for the fasting 
subjects.  
 
 
 
13.2. Summary of results. 
The results of this chapter could be summarised as following: 
 
1. C-peptide concentration was significantly higher in men compared to women; it showed a positive 
trend with increased age, BMI, BF%, WC and W-H ratio categories. Moreover, C-peptide 
concentration was higher in diabetic compared to non-diabetic individuals.  
2. There was a significant positive association between BMI, BF%, WC and W-H ratio and C-peptide 
that persisted after adjustment for the selected potential confounders. In the fully adjusted 
model, a 10% higher C-peptide was associated with 0.31 kg/m2 higher BMI, 0.33 % higher BF%, 
0.81 cm higher WC and 0.002 higher W-H ratio. WC had the strongest association with C-peptide 
compared to the other body fatness indices. The association between BMI, BF%, WC and W-H 
ratio with C-peptide was stronger in fasting compared to non-fasting subjects. The association 
between BF% and C-peptide was stronger among men compared to women.  
3. Age and gender were the strongest confounders in the association between the examined obesity 
indices and C-peptide. 
4. Glycaemia partially mediated the association between BMI and C-peptide, between WC and C-
peptide and between W-H ratio and C-peptide.  
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13.3. Discussion of results. 
This cross-sectional study revealed a significant positive association between all of the specified total 
and central body fatness indices and serum C-peptide among the Qatari participants of the QBB pilot 
phase. The strongest association was between WC and C-peptide. The associations persisted even after 
adjustment for potential confounders. The findings of this study on the association between body 
fatness indices and C-peptide were similar to studies conducted among other ethnic groups. A cross-
sectional study among 7,030 participants aged 12-85 years of the American NHANES study revealed a 
strong positive association between total and regional fat distribution and C-peptide levels (Li et al, 
2014). Moreover, a study conducted among Chinese participants found that C-peptide was positively 
associated with BMI (P<0.001) (Chan et al, 2004); this association has also been reported in the EPIC 
studies (Verheus et al, 2006; Grote et al, 2011; and Bezemer et al, 2005). 
In the current study C-peptide was more strongly associated with WC compared to all other body 
fatness indices. Epidemiological studies have revealed that body fat distribution has an essential role in 
the development of insulin resistance, indicating that central adiposity may be more indicative of a high 
metabolic risk profile than peripheral fat depots (Kiseebah and Krakower, 1994). In their hypothesis 
based on an animal model study, Patti and Kahn (1996) suggested that intra-abdominal adipocytes have 
higher lipolytical activity that would increase the free fatty acid levels and flux; consequently this might 
inhibit insulin clearance and develop insulin resistance. Strong associations between intra-abdominal fat 
and insulin resistance were supported by clinical studies (Banerji et al, 1995), suggesting a direct effect 
of intra-abdominal adiposity on the status of the pancreatic beta cells (Hanely et al, 2002).  In support of 
WC being the best body fatness index in predicting diabetes and presumably insulin resistance, a group 
of 721 healthy subjects aged 25-64 years were recruited in a prospective study to examine the best 
anthropometric variable that describes the association between body fat and diabetes (Wei et al, 1997). 
BMI, hip and waist circumferences and ratio and skinfold variables were all positively correlated with 
diabetes independent of age and sex; nevertheless, WC was the best predictor of diabetes among all of 
the body fatness variables (Wei et al, 1997). 
In the present study, the adjusted association between obesity indices and C-peptide was stronger in 
the fasting group compared to the non-fasting group. Since C-peptide is produced with insulin as a 
response of glucose stimulus it is expected to be influenced by food intake; however, non-fasting status 
did not attenuate the significant association between C-peptide and the examined obesity indices. 
When examining insulin production, it is acceptable to measure C-peptide in non-fasting or fasting 
samples or in a formal stimulation assessment (Jones and Hattersley, 2013). Although, the latter 
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assessments are the most accurate for research purposes, non-fasting samples are usually more suitable 
for a Biobank setting; however, adjustment for the timing since last food intake is required (Jones and 
Hattersley, 2013).   
In the current research, C-peptide was found to be higher in men compared to women and the adjusted 
association between BF% and C-peptide was stronger in men compared to women. This finding might be 
attributed to the difference in body composition between genders (Geer and Shen, 2009). Studies have 
shown that insulin resistance is higher in men compared to women (Rutter et al, 2005; Geer and Shen, 
2009; Macotela et al, 2009); therefore, C-peptide as a marker of insulin resistance would be expected to 
be higher in men as well. The difference in insulin sensitivity between genders was attributed to the fact 
that females had higher levels of subcutaneous adipose tissues and higher lipogenesis levels (Macotela 
et al, 2009), whereas, men have more visceral and hepatic adipose tissue (Geer and Shen, 2009). 
The findings of this study suggest that glycaemia has a small partial mediatory role on the association 
between BMI, WC and W-H ratio and C-peptide in the studied sample. Thus, the finding of this research 
may suggest that the pathway in which glucose causes increased adiposity might not be a major 
pathway in this sample of Qataris. Obesity is a complex conditions caused by complex interactions 
between genetics and environmental factors in addition to other factors that are less understood 
(Ogden et al, 2007). Therefore, further studies are needed to explore other pathways between insulin 
resistance and obesity. The involvement of the gut microbiota (or microbiome) in the development of 
obesity and diabetes has been explored (Tilg and Kaser, 2011). Studies have uncovered profound 
alterations in the composition and metabolic roles of the gut microbiome in obese subjects (Backhed et 
al, 2004; Turnbaugh et al, 2007; and Turnbaugh et al, 2009); these studies have shown that the gut 
microbiome has an indirect control on energy expenditure and storage (Backhed et al, 2004; Turnbaugh 
et al, 2006). However, the role of the gut microbiome remains uncertain and further studies are needed. 
Our findings showed a positive trend between C-peptide and age. Several epidemiological studies 
showed that C-peptide levels and insulin resistance increased with age (Moller and Flier, 1991; Mitchell 
et al, 2004; Ma et al, 2004; and Verheus et al, 2006) and there are multiple hypotheses to explain these 
associations (Ye, 2014). The accumulation of visceral fat in aging individuals due to the imbalance of sex 
hormones and reduction in physical activity are thought to be risk factors for insulin resistance; there is 
evidence that removal of visceral fat in aging individuals is able to prevent insulin resistance (Gabriely et 
al, 2002). Other factors that have been suggested to explain insulin resistance in aging are mitochondrial 
dysfunction and increased oxidative stress (Petersen et al, 2003; and Houstis et al, 2006). A new 
hypothesis suggests that due to a lack of physical activity, there is a relative energy surplus in aging 
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individuals that causes inhibition of the adenosine monophosphate-activated protein kinase pathway, 
and thus, induces insulin resistance (Ye, 2014). However, all of these hypotheses remain to be proven.  
Because this is a cross-sectional study, the effect of C-peptide on the studied body fatness indices could 
not be inferred. Further analyses could be conducted to learn more about the association between total 
and central obesity indices with C-peptide in Qataris. For instance, the effect of increased C-peptide on 
weight gain can be examined in a prospective cohort study; in addition, the effect of weight loss on C-
peptide level can be investigated in randomised clinical trials. These analyses could include more than 
one type of insulin sensitivity biomarkers such as HbA1c and insulin; thus, comparison between the 
findings of the different insulin sensitivity biomarkers can be made. 
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CHAPTER 14: Association of body fatness indices with HbA1c. 
 
14.1. Presentation of results. 
14.1.1. Distribution of HbA1c. 
The mean concentration of HbA1c among the Qatari participants (n=815) of the QBB pilot phase was 
39.88 (± 12.86) mmol/mol (Table 23). There was no significant difference between genders regarding 
their mean HbA1c concentration (40.36 (± 14.53) mmol/mol for males and 39.60 (± 11.81) mmol/mol for 
females, P=0.41). The distribution of HbA1c by age, BMI, BF%, WC, and W-H ratio and self-reported 
history of diabetes is shown in Table 23. HbA1c substantially increased with age (P<0.001), ranging from 
33.88 (± 3.81) mmol/mol in the <25 year old group to 48.58 (± 14.86) mmol/mol in the ≥55 year old 
group; these findings were similar in men and women. HbA1c also significantly increased across the BMI 
categories (P<0.001), with the lowest HbA1c concentration among underweight subjects (34.38 (± 3.97) 
mmol/mol and the highest concentration among obese subjects (43.02 (±14.92) mmol/mol); these 
findings were also similar in both genders but it was not significant in men. The distribution of HbA1c 
elevated with higher levels of BF% but was not significant in both genders. A significant increase in mean 
HbA1c levels was found among subjects with high WC and W-H ratio compared to subjects with low WC 
and W-H ratio for both females and males (P<0.001 for all). Diabetic subjects were characterised with 
significantly higher HbA1c concentrations (60.21 ±22.01 mmol/mol) than the non-diabetics (36.38 ±5.32 
mmol/mol; P<0.001); this finding was similar in both genders.  
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Table 23. Mean HbA1c concentration (mmol/mol) across age, body fatness indices and self-reported history of 
diabetes among Qatari men and women (n=815).  
Characteristics Males Females Total 
Gender 
                                                 P value  
40.36 (±14.53)           39.60 (±11.81) 
P=0.41 
39.88 (±12.86) 
Age categories: 
 <25 years 
 25-34 years 
 35-44 years 
 45-54 years 
 ≥55 years  
                                 P value for trend  
 
33.08 (±3.74) 
36.30 (±8.95) 
38.53 (±8.07) 
46.48 (±22.42) 
49.11 (±15.73) 
<0.001 
 
34.24 (±3.82) 
35.72 (±9.95) 
39.26 (±9.47) 
42.49 (±12.93) 
48.30 (±14.47) 
<0.001 
 
33.88 (±3.81) 
35.94 (±9.58) 
38.94 (±8.87) 
43.79 (±16.66) 
48.58 (±14.86) 
<0.001 
BMI categories: 
 Under weight (<18.5 kg/m
2
) 
 Normal (≥18.5 – 24.9 kg/m
2
) 
 Over weight (≥25– 29.9 kg/m
2
) 
 Obese (≥ 30 kg/m
2
) 
                       P value for trend  
 
31.42 (±4.58) 
38.20 (±12.05) 
39.40 (±12.67) 
43.27 (±17.65) 
=0.098 
 
34.94 (±3.70) 
34.72 (±4.64) 
39.52 (±12.44) 
42.90 (±13.52) 
<0.001 
 
34.38 (±3.97) 
35.87 (±8.04) 
39.47 (±12.52) 
43.02 (±14.92) 
<0.001 
BF% categories: 
Men: 
 Essential fat (2.0-5.9%) 
 Athletes (6.0-13.9%) 
 Fitness (14.0-17.9%) 
 Average (18.0-24.9%) 
 Obese (≥25%) 
     P value for trend  
Women: 
 Essential fat (10.0-13.9%) 
 Athletes (14.0-20.9%) 
 Fitness (21.0-24.9%) 
 Average (25.0-31.9%) 
 Obese (≥32%) 
                       P value for trend  
 
 
No observations 
No observations 
32.39 (±4.01) 
39.84 (±18.12) 
40.227 (±14.40) 
=0.163 
 
 
- 
- 
- 
- 
- 
- 
 
No observations 
No observations 
No observations 
35.30 (±4.17) 
39.80 (±12.52) 
=0.165 
 
 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
WC categories: 
Men: 
 <94 cm 
 ≥94 cm 
Women: 
 <80 cm 
 ≥80 cm 
                                                  P value 
 
 
36.89 (±9.09) 
43.42 (±17.47) 
 
- 
- 
<0.001 
 
 
- 
- 
 
35.14 (±7.38) 
42.19 (±13.07) 
<0.001 
 
 
- 
- 
 
- 
- 
W-H ratio categories: 
Men: 
 <0.9  
 ≥0.9  
Women: 
 <0.85  
 ≥0.85 
                                       P value 
 
 
36.05 (±9.52) 
43.90 (±16.83) 
 
- 
- 
<0.001 
 
 
- 
- 
 
37.54 (±9.34) 
48.14 (±16.35) 
<0.001 
 
 
- 
- 
 
- 
- 
Diabetes categories: 
Non diabetic 
Diabetic 
Prefer not to answer 
                                                 P value  
 
36.29 (±5.88) 
62.72 (±24.6) 
No observations 
<0.001 
 
36.43 (±4.98) 
58.68 (±20.25) 
No observations 
<0.001 
 
36.38 (±5.32) 
60.21 (±22.01) 
No observations 
<0.001 
Numbers represent means ± standard deviations. Student’s t-test was used to test differences between 2 groups and analysis of 
variance (ANOVA) with post hoc adjustment for polynomial contrast for linear trend analysis was used to test tend between 3 or 
more groups. P value <0.05 is significant. Abbreviations: BMI = body mass index, BF% = body fat percentage, WC = waist 
circumference and W-H ratio = waist – hip ratio. Units abbreviations: cm= centimeters, kg/m
2
 = kilogram per meter squared. 
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14.1.2. Association of body fatness indices with HbA1c. 
14.1.2.1. Association of body mass index with HbA1c. 
There was a significant positive association between HbA1c and BMI when the regression model was 
adjusted for age, sex, education, history of diabetes, smoking and physical activity; however, further 
adjustment for lipids, blood pressure, glycaemia and C-peptide attenuated the association in Model-2 
(Table 24). Stepwise regression models revealed that age, C-peptide, HDL and DBP were the strongest 
confounders in the association between BMI and HbA1c among this sample of Qataris (results not 
shown). Age, C-peptide, HDL and DBP explained about 6.7%, 4.8%, 3.9%, and 3.0%, respectively, of the 
BMI variability. Each of the rest covariates explained <1% of the BMI variability. When the interaction 
term (HbA1c X gender or HbA1c X history of diabetes) was included in Model-2, the fully adjusted 
model, no significant interaction was detected (P=0.242 and P=0.142, respectively). 
 
 
 
Table 24.  Association between the selected body fatness indices and HbA1c (n= 815). 
Dependent 
variable 
Amount of change in body fatness 
index equivalent to 1 mmol/mol 
HbA1c  
95 % confidence 
interval* 
P value R
2
% 
BMI 
Model-1 
Model-2 
 
0.05 
0.03 
 
0.01 - 0.10 
-0.01 – 0.09 
 
0.008 
0.167 
 
12.7% 
28.2% 
BF% 
Model-1 
Model-2 
 
0.03 
0.0002 
 
-0.01 – 0.08 
-0.06 – 0.06 
 
0.158 
0.993 
 
46.1% 
55.8% 
WC 
Model-1 
Model-2 
Model-3 
 
0.15 
0.11 
0.05 
 
0.06 – 0.24 
0.007 – 0.22 
-0.008 – 0.11 
 
0.001 
0.036 
0.092 
 
34.0% 
49.5% 
84.6% 
W-H ratio 
Model-1 
Model-2 
 
0.0007 
0.0005 
 
0.0002 – 0.001 
-0.00001 – 0.001 
 
0.002 
0.055 
 
57.3% 
64.7% 
 
Abbreviations: BF%= body fat percentage, BMI= body mass index, WC= waist circumference, and W-H ratio = waist-hip ratio. 
Model-1 = adjustment for age, sex, education, physical activity (continuous variable), smoking habit and history of diabetes. 
Model-2= Model-1 plus adjustment for Ln-triglycerides, Ln- high density lipoprotein, Ln- glycaemia, Ln-C-peptide, low density 
lipoprotein, systolic and diastolic blood pressure. 
Model-3= Model-2 plus adjustment for BMI. 
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14.1.2.2. Association of body fat percentage with HbA1c. 
HbA1c was not significantly associated with BF% in any of the examined regression models (Table 24). 
Stepwise regression models revealed that gender, age, DBP, C-peptide, HDL and TG were the strongest 
confounders in the association between BF% and HbA1c among this sample of Qataris (results not 
shown). Gender, age, DBP, C-peptide, HDL and TG explained about 38.5%, 4.9%, 3.6%, 2.8%, 1.6% and 
1.4%, respectively, of the BF% variability. When the interaction term (HbA1c X gender or HbA1c X 
history of diabetes) was included in Model-2, no significant interaction was detected (P=0.241 and 
P=0.191, respectively). 
 
14.1.2.3. Association of waist circumference with HbA1c. 
WC was positively associated with HbA1c in both of the multivariable models (Table 24). In the fully 
adjusted model (Model-2), 1 mmol/mol increase in HbA1c was associated with 0.11 cm increase in WC 
level (P=0.036). Model-2 explained 49.5% of the variability of WC. When the regression model was 
further adjusted for BMI, the association was attenuated. Stepwise regression models revealed that 
gender, age, C-peptide, HDL, TG, and SBP were the strongest confounders in the association between 
WC and HbA1c among this sample of Qataris (results not shown). Gender, age, C-peptide, HDL, TG, and 
SBP explained about 14.9%, 9.3%, 5.1%, 4.3%, 3.5% and 2.4%, respectively, of the WC variability.  
 
When the interaction term (HbA1c X history of diabetes) was included in Model-2, no significant 
interaction was detected (P=0.801). In contrast, a significant interaction was found (P=0.047) when the 
interaction term (HbA1c X gender) was included in Model-2 (Figure 16). The association between HbA1c 
and WC was stronger in women (beta =0.15 cm, 95% CI = -0.001 – 0.31, P=0.051) compared to men 
(beta= 0.12 cm, 95% CI = -0.03 – 0.27, P=0.132), but was not significant in both genders. 
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Figure 16. Regression analysis between waist circumference and HbA1c among men and women.  
HbA1c was measured in millimol per mol (mmol/mol) and waist circumference in centimeters (cm). The beta coefficient of the 
regression model was 0.12 cm (P=0.132) for men and was 0.15 cm (P=0.051) for women. 
 
 
14.1.2.4 Association of waist-hip ratio with HbA1c. 
W-H ratio was positively associated with HbA1c in the regression model that was adjusted for age, sex, 
education, history of diabetes, smoking and physical activity (Table 24). One mmol/mol increase in 
HbA1c was associated with 0.0007 unit higher W-H ratio (P=0.002). This significant association was 
attenuated when further adjustments for lipids, blood pressure, C-peptide and glycaemia were made. 
Stepwise regression models revealed that gender, age, TG, HDL and C-peptide were the strongest 
confounders in the association between W-H ratio and HbA1c among this sample of Qataris (results not 
shown). Gender, age, TG, HDL, and C-peptide explained about 32.2%, 10.9%, 3.7%, 4.3%, 1.5% and 1.3%, 
respectively, of the W-H ratio variability.  
 
When the interaction term (HbA1c X history of diabetes) was included in Model-2, no significant 
interaction was detected (P=0.271). On the other hand, a significant interaction was found when the 
interaction term (HbA1c X gender) was included in Model-2 (P=0.034 for interaction) (Figure 17). The 
association between HbA1c and W-H ratio was stronger in women (beta =0.0006, P=0.238) compared to 
men (beta= 0.0005, P=0.499), but was not significant in either gender.   
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Figure 17. Regression analysis between waist-hip ratio and HbA1c among men and women.  
HbA1c was measured in millimol per mol (mmol/mol). The beta coefficient of the regression model was 0.0005 (P=0.092) for 
men and was 0.0006 (P=0.238) for women. 
 
 
 
14.2. Summary of results. 
The results of this chapter could be summarised as following: 
 
1. The mean HbA1c concentration among the study population was 39.88 (±12.86) mmol/mol. 
HbA1c showed positive trend with increased age, BMI, WC and W-H ratio. Moreover, it was 
higher in diabetic compared to non-diabetic individuals.  
2. After full adjustment for potential confounders, there was a significant positive association 
between WC and HbA1c. One mmol/mol increase in HbA1c level was associated with 0.11 cm 
larger WC (P=0.036). 
3. When examining the association between WC and HbA1c and the association between W-H ratio 
and HbA1c, a significant interaction between HbA1c and gender was detected; however, when 
the sample was split by gender no significant association between HbA1c and the examined 
central obesity indices was found in either gender. 
4. Age and gender were the strongest confounders in the association between the examined obesity 
indices and HbA1c. 
14.3. Discussion of results. 
This cross-sectional study revealed a significant positive association between WC and HbA1c among the 
Qatari participants of the QBB pilot phase. The significant association persisted after adjustment for 
potential confounders. As mentioned previously, epidemiological studies in other ethnic populations 
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have shown that WC is more strongly related to diabetes and insulin resistance than other obesity 
indices (Wei et al, 1997; and Kiseebah and Krakower, 1994). WC is an estimation of visceral fat. HbA1c 
was positively associated with visceral fat in both diabetic (Gastaldelli et al, 2002) and non-diabetic 
subjects (Ho et al, 2015). The mechanism by which abdominal fat promotes insulin resistance was 
discussed in the C-peptide discussion section 13.3. However, there are some epidemiological studies 
that indicated no difference between BMI and WC regarding the association with HbA1c (Dalton et al, 
2003; and Yoshida et al, 2009). In the current study, the regression model was adjusted for more 
confounders compared to other epidemiological studies; therefore, this might be a reason for 
attenuating the significant association between BMI and HbA1c. Increased total fat % was associated 
with higher levels of HbA1c among subjects of the 1999-2006 NHANES study (Bower et al, 2015); 
however, in the current study HbA1c was not significantly associated with BF% in any of the regression 
models. This could be related to the fact that in this study about 96% of women and 89% of men were 
characterised as obese according to their BF%.  
In the current study, HbA1c showed a positive trend with age and the findings were consistent in men 
and women. The mean HbA1c level was similar between men and women. A significant interaction 
between HbA1c and gender was detected in the adjusted association between C-peptide and central 
obesity indices; however, when the sample was divided by gender, the adjusted association between 
central obesity indices and HbA1c was not significant in either of the groups, this could be due to lack of 
statistical power because of the reduced number of subjects in each group. Epidemiological studies 
revealed that HbA1c level increases with age and that there may be gender differences in its 
concentration (Yang et al, 1997; Boeing et al, 2000, Pani et al, 2008). For example, a large cross-sectional 
study among 4,580 Chinese men and women reported that HbA1c increased with age and was higher in 
men compared to women below 55 years old (Yang et al, 1997). Another study conducted among 1,773 
subjects from the EPIC-Potsdam cohort reported that HbA1c level increased with age and were higher in 
post-menopausal women (≥55 years) compared to younger women (<55 years) (Boeing et al, 2000). It 
has been suggested that during the aging process haemoglobin glycation rate is accelerated, but it is not 
clear if this acceleration is a cause or simply a phenomenon of aging (Nakashima et al, 1993; and Boeing 
et al, 2000). Yang and colleagues (1997) suggested that a possible explanation for the sex difference in 
HbA1c levels is that menstruating women have lower haemoglobin concentrations and more rapid 
erythrocyte turnover; therefore, women in peri- and postmenopausal age had higher HbA1c 
concentrations than men (Pani et al, 2008).  
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CHAPTER 15: Association of body fatness indices with fibrinogen. 
 
15.1. Presentation of Results. 
15.1.1. Distribution of fibrinogen. 
The mean concentration of plasma fibrinogen among the Qatari participants (n=851) of the QBB pilot 
phase was 3.09 (±0.64) g/L (Table 25). Females had significantly higher mean fibrinogen concentration 
compared to men (females: 3.18 (±0.64) g/L and males: 2.92 (±0.59) g/L, P<0.001). The distribution of 
plasma fibrinogen by age, BMI, BF%, WC, W-H ratio, smoking status and self-reported history of diabetes 
is shown in Table 25. Fibrinogen increased with age ranging from 2.78 g/L (±0.61) to 3.24 g/L (±0.77) 
among the <25 year olds and the ≥55 year olds, respectively. The mean fibrinogen levels increased 
significantly across the elevated age groups (P <0.001 for trend) and the finding was similar in women 
and men. Plasma fibrinogen significantly increased across the BMI categories (P<0.001). The lowest 
fibrinogen concentration was found among underweight subjects (2.54 ±0.45 g/L) and the highest 
concentration was found among obese subjects (3.35 ±0.63 g/L); these findings were also similar in men 
and women (P<0.001 for women and P=0.002 for men). The distribution of fibrinogen across the 
different levels of BF% was similar to that found across the different BMI categories in women only. A 
significantly higher mean fibrinogen level was found among subjects with high WC and W-H ratio 
compared to subjects with low WC and W-H ratio for both females and males (females: P<0.001 for WC 
and P=0.011 for W-H ratio; and males: P=0.001 for WC and 0.040 for W-H ratio). Fibrinogen levels did 
not differ significantly by smoking categories among men (P=0.47 for trend); however, non-smokers had 
the lowest mean plasma fibrinogen level (2.83 ±0.48 g/L), and current smokers had the highest (3.08 ±68 
g/L). Because there were few women who answered the smoking question, they were omitted from this 
analysis. Diabetic subjects were characterised with significantly higher fibrinogen concentrations (3.20 
±0.61 g/L) compared to non-diabetics (3.07 ±0.64 g/L) (P =0.031 for trend). Only 4 subjects preferred not 
to answer the history of diabetes question. 
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Table 25. Mean fibrinogen concentration (g/L) across age, body fatness indices, smoking status and self-reported 
history of diabetes among Qatari men and women (n=851).  
Characteristics Males Females Total 
Gender 
                                              P value  
2.92 (±0.59)                       3.18 (±0.64) 
                           <0.001 
3.09 (±0.64) 
 
Age categories: 
 <25 years 
 25-34 years 
 35-44 years 
 45-54 years 
 ≥55 years  
                             P value for trend  
 
2.66 (±0.38) 
2.93 (±0.48) 
2.95 (±0.48) 
2.98 (±0.52) 
3.00 (±1.03) 
= 0.01 
 
2.84 (±0.68) 
3.19 (±0.72) 
3.18 (±0.54) 
3.24 (±0.59) 
3.37 (±0.52) 
<0.001 
 
2.78 (±0.61) 
3.09 (±0.65) 
3.08 (±0.53) 
3.16 (±0.58) 
3.24 (±0.77) 
<0.001 
BMI categories: 
 Under weight (<18.5 kg/m
2
) 
 Normal (≥18.5 – 24.9 kg/m
2
) 
 Over weight (≥25– 29.9 kg/m
2
) 
 Obese (≥ 30 kg/m
2
) 
                    P value for trend  
 
2.20 (±0.21) 
2.89 (±0.73) 
2.82 (±0.54) 
3.12 (±0.53) 
=0.002 
 
2.60 (±0.46) 
2.85 (±0.59) 
3.13 (±0.51) 
3.45 (±0.64) 
<0.001 
 
2.54 (±0.45) 
2.86 (±0.64) 
2.99 (±0.54) 
3.35 (±0.63) 
<0.001 
BF% categories: 
Men: 
 Essential fat (2.0-5.9%) 
 Athletes (6.0-13.9%) 
 Fitness (14.0-17.9%) 
 Average (18.0-24.9%) 
 Obese (≥25%) 
P value for trend  
Women: 
 Essential fat (10.0-13.9%) 
 Athletes (14.0-20.9%) 
 Fitness (21.0-24.9%) 
 Average (25.0-31.9%) 
 Obese (≥32%) 
                       P value for trend 
 
 
No observations 
No observations 
2.55(±0.34) 
2.65 (±0.54) 
2.91 (±0.54) 
=0.08 
 
- 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
 
 
No observations 
No observations 
No observations 
2.48 (±0.32) 
3.19 (±0.65) 
<0.001 
 
 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
- 
WC categories: 
Men: 
 <94 cm 
 ≥94 cm 
Women: 
 <80 cm 
 ≥80 cm 
                                      P value  
 
 
2.80 (±0.57) 
3.03 (±0.59) 
 
- 
- 
=0.001 
 
 
- 
- 
 
3.06 (±0.61) 
3.52 (±0.62) 
<0.001 
 
 
- 
- 
 
- 
- 
W-H ratio categories: 
Men: 
 <0.9  
 ≥0.9  
Women: 
 <0.85  
 ≥0.85 
                                     P value 
 
 
2.85 (±0.50) 
2.99 (±0.66) 
 
- 
- 
=0.040 
 
 
- 
- 
 
3.14 (±0.63) 
3.32 (±0.66) 
=0.011 
 
 
- 
- 
 
- 
- 
Smoking categories*: 
Non-smoker 
Current smoker 
Former smoker 
Prefer not to answer** 
                                               P value  
 
2.83 (±0.48) 
3.08 (±0.68) 
2.89 (±0.64) 
2.88 (±0.63) 
=0.47 
 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
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Numbers represent means (± standard deviations). Student’s t-test was used to examine differences between 2 groups and 
analysis of variance (ANOVA) with post hoc adjustment for polynomial contrast for linear trend analysis was used to test trend 
between 3 or more groups. *Females were omitted from the smoking analysis because there were few of them. ** This category 
was not included in the Student’s t- test because of the few number of individuals in this category. 
Abbreviations: BMI =body mass index, WC= waist circumference, W-H ratio = waist-hip ratio, BF% = body fat percentage. 
 
 
15.1.2. Association of body fatness indices with fibrinogen. 
15.1.2.1. Association of body mass index with fibrinogen. 
There was a strong positive relationship between plasma fibrinogen and BMI among Qatari men and 
women when multiple linear regression analyses were performed. In Model-1, which included 
adjustment for age, gender, education level, physical activity, smoking and history of diabetes; one g/L 
increase in fibrinogen was associated with higher BMI level by 3.46 kg/m2 (95% CI = 2.84-4.07. P<0.001). 
The inclusion of TG, HDL, LDL, SBP, DBP and albumin in Model-2 reduced the amount of change in BMI 
level corresponding to one g/L of fibrinogen to 2.04 kg/m2 (95% CI= 1.44-2.63, P<0.001) (Table 26). The 
covariates in Model-2 explained 38.1% of the BMI variability. Stepwise regression models revealed that 
albumin, age, HDL, TG and DBP were the strongest confounders in the association between BMI and 
fibrinogen among this sample of Qataris (results not shown). Albumin, age, HDL, TG and DBP explained 
about 8.2%, 6.6%, 2.6%, 1.8% and 1.7%, respectively, of the BMI variability. Each of the rest covariates 
explained <1% of the BMI variability.  
 
When the interaction term (fibrinogen X gender) was included in Model-2, the fully adjusted model, the 
association between BMI and fibrinogen differed significantly according to gender (P = 0.04 for 
interaction). It was stronger among females (beta = 2.18 kg/m2, P<0.001) compared to males (beta= 1.64 
kg/m2, P=0.001). Figure 18 shows the relationship between BMI and fibrinogen in females and males. 
When the interaction term (fibrinogen X history of diabetes) was included in Model-2 no significant 
interaction was detected (P=0.20).  
 
 
 
Diabetes categories: 
Not diabetic 
Diabetic 
Prefer not to answer** 
                                               P value   
 
2.91 (±0.57) 
3.00 (±0.70) 
No observations 
=0.341 
 
3.16 (±0.66) 
3.32 (±0.52) 
2.60 (±0.26) 
=0.040 
 
3.07 (±0.64) 
3.20 (±0.61) 
2.60 (±0.26) 
=0.031 
 157 
Table 26. Association between the selected body fatness indices with fibrinogen (n=851). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abbreviations: BMI =body mass index, WC= waist circumference, W-H ratio = waist-hip ratio, BF% = body fat percentage. 
Model-1 = adjusted for age, gender, education, physical activity, smoking and history of diabetes. 
Model-2 = Model-1 + further adjustment for Ln-triglyceride, Ln- high-density lipoprotein, low-density lipoprotein, systolic blood 
pressure and diastolic blood pressure and albumin. 
Model-3= Model-2 + BMI 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18. Regression analysis between body mass index and fibrinogen in Qatari men and women. 
Fibrinogen was measured in grams per Liter (g/L) and body mass index in kilogram per meter squared (kg/m
2
). The beta 
coefficient of the regression model was 1.64 kg/m
2
 (P=0.001) for men and was 2.18 kg/m
2
 (P<0.001) for women. 
 
Dependent 
variable 
Amount of change in body 
fatness index equivalent to 1 
g/L of fibrinogen 
95 % confidence 
interval 
P value R
2
% 
BMI 
Model-1 
Model-2 
 
3.46 
2.04 
 
2.84 – 4.07 
1.44 – 2.63 
 
<0.001 
<0.001 
 
23.4 
38.1 
BF % 
Model-1 
Model-2 
 
4.37 
3.04 
 
3.67 – 5.08 
2.34 – 3.73 
 
<0.001 
<0.001 
 
55.6 
62.0 
WC 
Model-1 
Model-2 
Model-3 
 
6.26 
3.29 
-0.29 
 
4.93– 7.59 
2.01 – 4.56 
-1.05 – 0.45 
 
<0.001 
<0.001 
0.436 
 
39.0 
51.6 
84.0 
W-H ratio 
Model-1 
Model-2 
 
0.01 
0.004 
 
0.004 - 0.01 
       - 0.002 – 0.01 
 
0.001 
0.241 
 
57.7 
63.5 
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15.1.2.2. Association of body fat percentage with fibrinogen. 
There was a strong positive relationship between plasma fibrinogen and BF% among Qatari men and 
women in all of the examined regression models. In the fully adjusted model (Model-2), one g/L increase 
in fibrinogen was associated with higher BF% level by 3.04% (95% CI = 2.34-3.73, P<0.001) (Table 26). 
The covariates in Model-2 explained 62.0% of the BF% variability. Stepwise regression models revealed 
that gender, age and albumin were the strongest confounders in the association between BF% and 
fibrinogen among this sample of Qataris (results not shown). Gender, age and albumin explained about 
28.9%, 3.3%, and 3.2%, respectively, of the BF% variability. Each of the rest covariates explained <1% of 
the BMI variability. When the interaction term (fibrinogen X gender or fibrinogen X history of diabetes) 
was included in Model-2, the association between BF% and fibrinogen was similar in both genders (P = 
0.22 for interaction) and was similar in non-diabetic and diabetic subjects (P = 0.09 for interaction). 
 
15.1.2.3. Association of waist circumference with fibrinogen. 
There was a significant positive association between WC and fibrinogen in the fully adjusted multivariate 
regression model (Table 26).  For one g/L increase in fibrinogen, the WC level elevated by 3.29 cm (95% 
CI = 2.01-4.56, P<0.001) in Model-2. This model explained 51.6% of the variability of WC. Further 
adjustment for BMI in Model-3 attenuated the association between WC and fibrinogen (P=0.436). 
Stepwise regression models revealed that gender, age, albumin, HDL, history of diabetes and DBP were 
the strongest confounders in the association between BMI and fibrinogen among this sample of Qataris 
(results not shown). Gender, age, albumin, HDL, history of diabetes and DBP explained about 17.3%, 
13.2%, 4.9%, 2.9%, 1.6% and 1.3%, respectively, of the WC variability. Each of the rest covariates 
explained <1% of the BMI variability. When the interaction term (fibrinogen X gender or fibrinogen X 
history of diabetes) was included in Model-2, the association between WC and fibrinogen was similar in 
both genders (P = 0.64 for interaction) and was similar in non-diabetic and diabetic subjects (P = 0.32 for 
interaction). 
 
15.1.2.4. Association of waist-hip ratio with fibrinogen. 
There was a significant positive association between W-H ratio and fibrinogen when the regression 
model was adjusted for age, gender, education, physical activity, smoking and history of diabetes 
(P=0.001); however, upon further adjustment for TG, LDL, HDL, SBP, DBP and albumin this association 
attenuated (P=0.241) (Table 26). Model-2 explained 63.5% of the W-H ratio variability. Stepwise 
regression models revealed that age, gender, TG and HDL were the strongest confounders in the 
association between W-H ratio and fibrinogen among this sample of Qataris (results not shown). Age, 
gender, TG and HDL explained about 36.3%, 18.4%, 3.5% and 1.3%, respectively, of the W-H ratio 
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variability. Each of the rest covariates explained <1% of the BMI variability. When the interaction term 
(fibrinogen X gender or fibrinogen X history of diabetes) was included in Model-2, the association 
between the W-H ratio and fibrinogen was similar in both genders (P = 0.65 for interaction) and was 
similar in non-diabetic and diabetic subjects (P = 0.83 for interaction).  
 
15.2. Summary of results. 
The results of this chapter could be summarised as following: 
 
1. The mean concentration of fibrinogen among the Qatari sample of the QBB pilot phase was 3.09 
(±0.64) g/L. Women had significantly higher mean plasma fibrinogen than men.  
2. In the unadjusted analyses, fibrinogen level significantly elevated with increased age, BMI, BF% 
(in women only), WC and W-H ratio. The fibrinogen levels were not substantially higher in 
smokers compared to non-smokers and significantly higher in diabetics compared to non-
diabetics. 
3. After adjustment for all of the specified confounders, one g/L of plasma fibrinogen was 
significantly associated with 2.04 kg/m2 higher BMI, 3.04% higher BF% and 3.29 cm higher WC. 
WC had the strongest association with fibrinogen compared to the other examined body fatness 
indices. The association between fibrinogen and BMI was stronger in females compared to 
males. 
4. Age, gender and albumin were the strongest confounders in the association between the 
examined obesity indices and fibrinogen. 
 
15.3. Discussion of results. 
The findings of the current study identified a strong positive association between the body fatness 
indices BMI, BF% and WC and the inflammation biomarker fibrinogen that persisted in the fully adjusted 
multivariate regression models. The strongest association was between WC and fibrinogen. 
Epidemiological studies have reported a positive association between BMI, WC, BF% and W-H ratio 
(Krobot et al, 1992, Balleisen et al, 1985; Ditschuneit et al, 1995; and Bo et al, 2004) and plasma 
fibrinogen. There is significant biological evidence supporting the link between adipose tissue and acute-
phase reactants including fibrinogen (Yudkin et al, 2000). Mohamed-Ali and colleagues (1997) revealed 
that about one third of the inflammatory cytokine interlukin-6 is produced from adipose tissues. This 
cytokine is known to be elevated in obese subjects and is closely associated with the amount of total 
body fat mass (Yudkin et al, 1999). As mentioned earlier, fibrinogen production is largely regulated by 
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interlukin-6 (Amrani, 1990; and Bursteinn et al, 1996). Fibrinogen was also found to be reduced by 0.33 
(± 0.1) g/L in overweight patients after losing about 20 (± 3.0) kg of their weight (Ditschuneit et al, 1995). 
The current study showed that fibrinogen was higher among females compared to males and that the 
adjusted association between fibrinogen and BMI was greater in females compared to males. This 
finding is consistent with other epidemiological studies (Prisco et al, 1996; Laharrague et al, 1993; and 
Giansante et al, 1994). Crude fibrinogen levels were consistently higher in women compared to men in 
all ages in the second WHO MONItoring Trends and Determinants in Cardiovascular Disease (MONICA) 
Augsburg survey (Krobot et al, 1992). Moreover, the Goteborg MONICA survey reported similar findings 
even after accounting for confounders (Dotevall et al, 1994). In contrast, a study reported similar plasma 
fibrinogen concentrations between men and women (Mansfield et al, 1996); this study was conducted 
among 213 diabetic subjects only. 
Consistent with the current study results, several epidemiological studies showed that plasma fibrinogen 
increased with age (Krobot et al, 1992; Tarallo et al, 1992; Ishikawa et al, 1997; and Balleisen et al, 
1985). Fu and Sreekuman (1998) suggested that the increase in plasma fibrinogen with age might be 
because of a slower disposal rate of fibrinogen instead of higher production rate in older individuals. 
In the current study, albumin was indicated as a strong confounder in the association between 
fibrinogen and the examined body fatness indices.  Albumin is a hepatic negative acute phase protein. In 
the literature, albumin levels showed an inverse association with fibrinogen levels in multiple studies 
(Kanfer et al, 1970; Kim et al, 1997; and Kim et al, 1999); moreover, albumin inversely associated with 
obesity (Visser et al, 2005). 
Although in the current study fibrinogen level did not show a significant positive trend with smoking in 
men, available evidence in the literature suggests that smoking is significantly associated with elevated 
plasma fibrinogen levels (Eliasson et al, 1994; Krobot et al, 1992 and Cigolini et al, 1994). Tarallo et al 
(1992) reported that smoking one cigarette per day increases plasma fibrinogen level by 0.35 g/L. 
Smoking causes an inflammatory reaction in multiple parts of the lung including the blood vessels and 
this is evidenced by elevated levels of CRP (Das, 1985). As a result of this inflammation, higher levels of 
cytokines such as interleukin-6 are produced (McCarty et al, 1999), which is a major regulator for 
hepatic proteins including fibrinogen (Amrani, 1990; and Bursteinn et al, 1996). 
Generally in the current study, fibrinogen levels were significantly higher among diabetics compared to 
non-diabetics. High levels of fibrinogen have been often observed in type II diabetic patients (Missove et 
al, 1996; and Ganda and Arkin, 1992). Barazzoni and colleagues (2000) revealed that type II diabetics 
had a substantial increase in fibrinogen synthesis when compared to matched non-diabetic subjects; 
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however, they also suggested that other unknown factors might be responsible for the elevated 
fibrinogen levels in diabetics. 
The association of body fatness indices with fibrinogen in Qataris can be explored further by examining 
the relationship independent of other inflammatory biomarkers such as CRP and interlukin-6. The 
association of body fatness indices can be investigated with other inflammatory biomarkers including 
TNF-alpha, interlukin-6 and CRP. These inflammatory biomarkers have been extensively studied in other 
populations, but similar studies in Qataris are limited.  
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PART 4 
 DISCUSSION AND 
CONCLUSIONS 
 163 
CHAPTER 16: Overall discussion and conclusions. 
 
16.1. Summary of main findings. 
This is the first PhD thesis arising from the QBB project. The main findings of the study can be 
summarised as following: 
 
 The prevalence of overweight and obesity among the Qatari men and women who have 
participated in the QBB pilot phase was high and they were characterised with sedentary lifestyle. 
Diabetes, hypertension and high cholesterol were highly prevalent as well; several individuals were 
identified to have these specified diseases but were undiagnosed by a doctor before their QBB 
appointment. Among those who were on treatment for diabetes, significantly more subjects did not 
have healthy HbA1c levels; on the other hand the majority of subjects on treatment for high 
cholesterol showed desirable levels of TC. Those on treatment for hypertension and those without 
treatment had similar means for their blood pressure measurements.  
 
 Central obesity was the most prevalent determinant of the MetS followed by dyslipidemia among 
the study population using any of the specified MetS definitions. The MetS prevalence among the 
examined Qatari men and women was 18.4% (NCEP ATPIII), 27.0% (IDF) and 28.9% (harmonised 
definition). The age-adjusted MetS prevalence in the studied population was lower than that 
reported in a previous study on a population designed to be nationally representative. The odds for 
having the MetS elevated with increased age, BMI and reduced with higher physical activity.  
 
 The prevalence of MAN was 34.5% among the lean participants, whereas, the prevalence of MHO 
was 24.6% among the obese participants. Generally, the specified obesity subgroups differed 
significantly in several characteristics and biomarkers of metabolic health. Most importantly, MHO 
subjects were older, less educated and characterised with higher lipid profiles, insulin, C-peptide, 
fibrinogen, liver enzymes, and uric acid, whereas, they had lower concentrations of HDL, calcium, 
iron, SHBG and testosterone compared to MHN. When compared to MAO subjects, the MHO 
participants were younger and characterised with lower levels of central obesity, blood pressure, 
TG, diabetes markers, differential white blood cells and higher HDL and SHBG levels. MAN 
individuals were older and less physically active than MHN. The MAN subjects were characterised 
with significantly higher DBP, LDL, TG, insulin, C-peptide, fibrinogen and ALP in addition to lower 
HDL and vitamin B12 compared to MHN. 
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 In the unadjusted analysis, C-peptide showed a positive trend with age, BMI, BF%, WC, W-H ratio 
and was higher in diabetic compared to non-diabetics. There was a strong positive association 
between BMI, BF%, WC and W-H ratio with C-peptide that persisted after adjustment for potential 
confounders; the strongest association was between WC and C-peptide. The association between 
the specified body fatness indices and C-peptide was stronger in fasting subjects compared to non-
fasting subjects. The association between BF% and C-peptide was stronger in men compared to 
women. Glycaemia partially mediated the association between C-peptide and BMI, between C-
peptide and WC and between C-peptide and W-H ratio.  
 
 In the unadjusted analysis, HbA1c showed positive trend with age, BMI, WC, W-H ratio and was 
higher in diabetic individuals compared to non-diabetics. In the adjusted analyses, there was a 
significant positive association between HbA1c and WC only. A significant interaction between 
HbA1c and gender was detected in the association between WC and HbA1c; however, when 
splitting the sample by gender the association between WC and HbA1c was not significant in either 
group. Similar findings were also detected in the association between W-H ratio and HbA1c. 
 
 In the unadjusted analysis, fibrinogen concentrations increased with age, BMI, BF% (in women), 
WC, W-H ratio and were similar among smokers compared to non-smokers and former smokers. 
Fibrinogen levels were higher among diabetics compared to non-diabetics. After adjustment for 
confounders, a strong positive association was found between fibrinogen and BMI, BF% and WC; 
the strongest association was between WC and fibrinogen. The relation of fibrinogen to BMI was 
stronger in women compared to men. 
 
16.2. Overall discussion of results. 
The results have been specifically discussed in sections 10.2 (descriptive characteristics), 11.3 (MetS), 
12.2 (obesity subgroups), 13.3 (C-peptide), 14.3 (HbA1c) and 15.3 (fibrinogen). This section provides an 
overall discussion and links the current study findings with each other.  
 
The high prevalence of obesity and sedentary lifestyle in the examined Qatari men and women of the 
QBB pilot phase was expected because these characteristics were also identified in the latest national 
surveillance STEPs survey (Haj Bakeri and Al Thani, 2013) and several local studies on populations 
designed to be nationally representative (Bener et al, 2010, Bener et al, 2013). Since obesity and 
physical inactivity are established risk factors for several chronic diseases (Langenberg and the InterAct 
Consortium, 2012; Bays et al, 2013; McQuigg et al, 2008; Ong et al, 2007; Hu et al, 2015; and Fruge et al, 
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2015), it was not surprising to identify a high prevalence of diabetes, hypertension and high cholesterol 
among the current study population. We observed that the majority of subjects with previously 
diagnosed diabetes, hypertension and cholesterol were on treatment; however, those on treatment for 
diabetes presented significantly higher HbA1c levels compared to subjects without treatment and those 
on treatment for hypertension had similar blood pressure values compared to individuals without 
treatment. These findings raised multiple questions: 1) is the medication used for treating the diabetics 
and hypertensive subjects efficacious? 2) Are the subjects aware about how to control diabetes and 
hypertension, 3) are the subjects following their doctors’ advice about taking medication and following a 
healthy diet and lifestyle? 4) Are the impacts of the high prevalence of obesity and physical inactivity 
reducing the effectiveness of the treatments? In this region, randomised clinical trials have not been 
conducted to test the efficacy of diabetes or any other chronic disease medication; therefore, there is a 
lack of knowledge about the efficacy of medication in this region. The SCH in Qatar are conducting 
continuous awareness campaigns and programmes in the community to raise awareness and educate 
individuals about the specified chronic diseases; based on this it should not be difficult for any Qatari to 
obtain information about these diseases. However, to our knowledge, no one has conducted a study to 
investigate if these campaigns and programmes were successful. Because the QBB participants 
examined here are not a representative sample of the Qatari population, as they were not randomly 
selected from the general population, the findings of the current study could not be generalised for all 
Qataris. Further studies on nationally representative samples of Qatari are needed to confirm these 
findings of this study and additional investigations are necessary to answer the proposed questions 
about the specified diseases treatments.  
The high prevalence of obesity, hypertension, diabetes and high cholesterol that were identified in 
chapter 10 has suggested a high prevalence of the MetS among the examined subjects. Indeed, in 
chapter 11, the MetS prevalence ranged from 18.4% to 28.9% depending on the definition used. Based 
on the age-adjusted prevalence analysis, our findings are underestimating the real prevalence in the 
general population. This is an alarming finding and highlight the need for urgent interventions to reduce 
the prevalence of the MetS, via lowering the prevalence of its determinants, because of its association 
with increased risk of morbidity (Wilson and Meigs, 2008; Esposito et al, 2012; and Hamaguchi et al, 
2005) and CVD- and all-cause mortality (Hu et al, 2004; and Lakka et al, 2002). Central obesity was the 
major determinant of the MetS in this study population. Based on our findings and the high prevalence 
of obesity reported in the national population (Haj Bakeri and Al Thani, 2013), interventions should 
focus more on central obesity; especially that the literature has indicated that central obesity was 
reported to be more associated with morbidities than total obesity (Yusuf et al, 2005). 
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Several definitions of the MetS include WC as an important feature of the MetS. WC is a crude but 
effective measure of visceral fat accumulation (Wajchenberg, 2000). It is found to be superior to BMI 
and W-H ratio in assessing abdominal visceral adiposity and associated metabolic variables 
(Wajchenberg, 2000). Excess visceral fat accumulation is associated with increased mortality and risk for 
metabolic diseases such as the MetS (Fujikoa et al, 1987). Multiple studies identified that visceral fat 
depot mediate some metabolic processes. For instance, visceral fat was related to disturbances in 
insulin-glucose homeostasis (Park et al, 1991; and Marin et al, 1992) and associated with changes in the 
plasma lipoprotein-lipid levels including decreased plasma HDL and increased TG levels (Despres et al, 
1990; and Despres, 1991). Although visceral fat has shown to be an important link between the MetS 
determinants (Depres, 1996), having WC as an obligatory component in the MetS definition, such as in 
the IDF definition, remain controversial (Lorenzo et al, 2007). This is because several individuals may 
have hyperglycemia, dyslipidemia and hypertension but are not considered obese (Cakir et al, 2015).  
A general overview on the findings from the obesity subgroup analyses revealed that differences 
between the examined obesity subgroups regarding the investigated characteristics primarily might be 
related to age, physical activity and adiposity in addition to the criteria used to identify metabolic health. 
Despite the high prevalence of obesity and sedentary lifestyle, the MHO phenotype exists in this sample 
of Qataris. Because this study sample included highly educated subjects, the MHO prevalence presented 
here might be overestimating the actual MHO prevalence among the total Qatari nationals. Further 
research is needed to confirm the findings of the obesity subgroup analyses of this study. 
Similar to findings from other populations, obesity was positively associated with the insulin sensitivity 
biomarkers (C-peptide and HbA1c) (Li et al, 2014; Abdullah et al, 2012; Kharoubi et al, 2014; and 
Nakajima and Suwa, 2014) and the inflammation biomarker fibrinogen (Festa et al, 2001; and Nguyen et 
al, 2009) in the current study. WC showed the strongest association with the examined biomarkers (Kern 
et al, 2001; and Festa et al, 2001). C-peptide is produced from the pancreas, HbA1c concentration is 
dependent on glycaemia level, which is modulated by insulin levels, and fibrinogen is a hepatic 
glycoprotein. These three biomarkers are either produced from organs in the abdomen area or 
modulated by other biomarkers that are produced in the abdomen area. Therefore, it was assumed 
that, in the examined subjects, the accumulation of fat in the abdomen area (indicated by WC) has a 
stronger association with the concentrations of these biomarkers. More studies are needed to confirm 
the findings of this study in a larger nationally representative sample of Qataris. Exploring the 
association of visceral and subcutaneous fat content with C-peptide, HbA1c and fibrinogen is important 
to examine our assumption.  
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16.3. Significance of the current study findings. 
The findings of this study have value for the scientific knowledge locally and internationally. At the local 
level where epidemiological studies are limited, firstly, it provides an updated picture of the prevalence 
of obesity, diabetes, high cholesterol, hypertension and the MetS among a sample of the Qatari 
population. Updated findings on diseases prevalence are important for disease monitoring and 
evaluation of any related interventional campaign. Secondly, future prospective studies among the 
Qatari participants of the QBB pilot phase may use the current study findings as baseline information to 
investigate the trend of conditions and diseases overtime. Thirdly, the current study has provided novel 
information about the existence and the characteristics of the MHO phenotype among a sample of 
Qataris; moreover, it examined the association of multiple obesity indices with specified biomarkers of 
insulin resistance and inflammation that has not been explored among Qataris yet.  
 
At the international level, there is a lack of epidemiological studies in the GCC region that have yielded 
limited information that can be compared with findings from other populations. The findings of this 
study may be considered as a step forward to close the gap in knowledge in this part of the world. The 
current study findings on obesity subgroups and the association of obesity indices to biomarkers of 
insulin sensitivity and inflammation have shown similar results to what have been found on other 
populations around the world. The specified obesity subgroups was investigated extensively among 
Europeans, Asians, Hispanics and Africans, but to our knowledge has not been explored among Arabs. 
Arabs have different genetic profile compared to other ethnicities; thus, findings in other ethnicities 
might not be applicable in Arabs. The current study provides an extensive comparison between the 
specified obesity subgroups regarding 58 characteristics of metabolic health including features that 
were not previously explored in other populations as far as we know. The current study findings 
identified a positive significant association of the examined obesity indices with C-peptide, HbA1c and 
fibrinogen that was similarly indicated in other examined populations around the world. The current 
study has examined the specified associations while adjusting for confounders that were selected a 
priori from the literature and are applicable to the Qatari population, and yet the positive significant 
association persisted.  
 
16.4. Hypotheses generated from current study findings. 
Multiple hypotheses were generated from the findings of this study that can be investigated in future 
research. Firstly, we hypothesise that dyslipidemia is a stronger predictor of the MetS compared to 
insulin resistant among this sample of Qataris. This hypothesis was generated because we found that 
the prevalence of high cholesterol was higher than that of diabetes in this sample population; moreover, 
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when using the MetS definitions the prevalence of dyslipidemia was higher than hyperglycemia. 
Secondly, we hypothesise that low vitamin B12 level is a risk factor for metabolic diseases in this 
population. We found that vitamin B12 was significantly lower in the metabolically unhealthy obese 
subgroups (MAN and MAO) compared to MHN. A recent study by Adaikalakoteswari et al (2015) 
indicated that vitamin B12 deficiency is a metabolic risk factor and can influence cholesterol 
biosynthesis in human adipocytes. Thirdly, since WC showed the strongest association with C-peptide, 
HbA1c and fibrinogen in this study population, we hypothesise that WC is a stronger risk factor for 
diabetes and CVD compared to the other examined obesity indices among this sample study.  
 
16.5. Validity of the findings. 
16.5.1.  Measurements error. 
Measurements error is the difference between a measured quantity and its real value. Measurements 
error in epidemiological studies can be random or systematic.  
16.5.1.1. Random error (chance). 
Random errors are unpredictable and occur by chance leading to inconsistent values when repeating the 
same measurement for the same attribute. Random errors may occur due to factors related to the 
instruments used. This type of error may not be controlled by the researcher; however, it effects can be 
minimise.    
 
At the time of data collection, random measurement error effect may be minimise by conducting 
multiple measurements of an attribute and then use the average of the different readings. For example, 
in the current study the blood pressure was measured two or three times and the average value was 
used for the statistical analyses. Another way to reduce random error is to use the same instruments 
from the same manufacturer and with the same software updates. For instance, in the current study 
two different iDEXA machines were used, both were from General Electric Company with the same 
software version. Another way to reduce random error in the QBB study was to do some quality control 
for the blood analyses by calculating the coefficient of variation for the blood results using samples 
duplicates that were selected randomly.  
At the time of data analyses, random error occurs in multiple testing, such as multiple linear regression 
analyses, when a different value from previous results is obtained due to chance. In a study sample, 
there is a possibility that an estimated association of an independent variable (exposure) on a 
dependent variable (outcome) either over-estimates (type I error) or under-estimates (type II error) the 
true effect due to random variation in this study sample. The probability of findings to occur by chance is 
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higher in small sample sizes; therefore, it is important to have suitable study samples to obtain sufficient 
statistical power. 
In the current study, the association between the specified body fatness indices and biomarkers of 
insulin sensitivity and inflammation was conducted among samples of +800 men and women (n=852 for 
C-peptide analysis, n=815 for HbA1c, and n=851 for fibrinogen). Power calculations revealed that there 
would be ample power to investigate the specified aims of the current study. The statistical power of 
the current study was calculated using the obesity (BMI) prevalence reported in the latest national 
surveillance Qatar STEPs report (Haj Bakri and Al Thani, 2013), which was 41.4% (SD ±2.6), and the 
obesity prevalence in the current study (38.7%) with an error bound (alpha) of 0.05. This calculation 
implies that there would be more than 95% statistical power, which is sufficient to provide certainty that 
the current study findings were not obtained by chance.   
In addition, in order to minimise random error due to multiple comparisons, the GLM models included 
post hoc Bonferroni corrections. The GLM models were used to test for differences between the 
multiple obesity subgroups. The Bonferroni correction allows the adjustment for multiple testing at a 
statistical significance level of alpha/(number of total hypotheses), where alpha is the desired 
significance level for the total number of hypotheses and normally it is equal to 0.05. 
16.5.1.2. Systematic error (bias). 
Systematic errors are predictable and always occur with a constant value when conducting the 
measurement in the same way for the same person. Systematic errors occur in measurements results 
due to inaccuracies during sample selection and/or during data collection. Systematic error could be in 
the form of information bias, which occurs due to invalid or imprecise study measures. To reduce 
measurements bias, the QBB has an automated technology system that enters the results directly from 
the device into the database. Only a few readings are entered manually and are potentially subject to 
data entry errors. All measurements and device protocols have been standardised and tested during the 
pre-pilot phase to ensure high data collection quality in the subsequent phases of the QBB project. 
Moreover, nurses were trained in the pre-pilot phase on how to use the devices and how to deal with 
the participants; therefore, the possibilities of measurement errors are reduced.  
 
16.5.2. Sample selection bias. 
Because the current study included participants that were recruited mainly from QF and HMC in 
addition to their families, the QBB pilot phase population might include sample selection bias and is not 
representative of the general population; thus, findings from this study population cannot be 
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generalised for the total Qatari population. The increasing number of participants from the general 
population in the QBB project public phase will minimise this type of bias until the target number of 
participants (~60,000) is reached. Eventually the QBB project population will be representative of the 
general population.  
 
16.5.3. Recall bias. 
Another form of bias occurs when participants provide wrong information because they cannot 
remember certain information occurred in the past. This is referred to as recall bias. QBB has used 
different approaches to minimise recall bias. First, the questions included in the QBB questionnaires 
were formulated based on validated questions from previous large prospective studies such as EPIC and 
the UK Biobank. Second, questions about history of diseases were conducted in an interview format, so 
the nurse can help the participants provide more accurate information. Third, the history of disease 
status were also complemented and verified by physical and biomarker measurements. For example, 
history of blood pressure was asked in the questionnaire and a trained nurse also physically measured 
the blood pressure during the QBB appointment. Moreover, undiagnosed diabetes was ascertained by 
the blood analysis of HbA1c levels.  
 
16.5.4. Confounding. 
Confounding can bias the findings of a study leading to under or over estimation of the true effect. For 
the current study, confounders were chosen a priori after reviewing the literature and studies that 
examined the association between body fatness indices and insulin sensitivity (C-peptide and HbA1c) 
and inflammation (fibrinogen) biomarkers. Moreover, to test real confounders in the current study 
sample, multiple linear regression models were tested with sequential addition of covariates. Variables 
that affected the risk estimates by more than 10% should be considered as real confounders in this 
sample. However, the stepwise method was only applied for the list of potential confounders that were 
selected a priori from the literature and not the full list of variables in the QBB database. Due to the 
large number of variables in the QBB database it was more convenient to select the confounders a 
priori. 
 
The QBB database provided sufficient data to adjust for confounders, for example, physical 
measurements, lifestyle habits, and an extensive list of biomarkers. Based on the literature presented in 
Part 1 of this study, age, gender, education level, smoking, physical activity, glycaemia and lipid profiles 
were the most important confounders of the association between the study’s outcomes and exposures 
and were therefore appropriately adjusted for. The possibility that there are other confounders that 
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have not been adjusted for in the current study remains valid. Moreover, there is a possibility that there 
are effect modifiers other than gender and history of diabetes that may influence the association 
between the specified body fatness and the examined insulin resistance and inflammation biomarkers. 
The tested models already included about 14 covariates, adding more confounders might cause over-
adjustment.  
Confounding may also occur due to regional and community specific differences. This type of 
confounding is more specific to multicentre studies. However, the current study was conducted among a 
homogenous sample of Qatari men and women who were almost all from Doha (the capital of Qatar). 
Moreover, all of the data collection was conducted in the same facility; therefore, this type of 
confounding is not applicable. 
16.6. Strengths of the study. 
QBB is one of the first Biobanks in the GCC region. It includes extensive information and data for each 
participant that may be used to investigate a wide range of outcomes related to obesity, diabetes, 
cancer and CVD. To our knowledge, this is the first study to explore different obesity subgroups 
regarding 58 different biomarkers of metabolic health. The generous funding from QF has allowed the 
requisition of the best devices and state of the art technology system for the QBB project. Therefore, 
the collected data is expected to be of high quality.  
 
The time frame of the current study was within the pre-, pilot and public phases of the QBB project; this 
allowed continuous quality control of the data and immediate correction of any issue. For example, in 
the pre-pilot phase there were errors in translating few parts of the questionnaire, these were spotted 
and reported for immediate corrections. Another example, one of the participants had a WC of 11 cm, 
this was clearly a data entry error so it was reported and the responsible nurse has corrected the error 
based on her data records. The corrected version of the dataset was used in the analyses of this study. 
16.7. Limitations of the study. 
This study has several limitations. First, the cross-sectional study design prevented the investigation of 
causality between the specified body fatness indices and the specified insulin sensitivity and 
inflammation biomarkers. Second, the findings cannot be generalised for all of the Qatari population 
because the studies sample might be biased. The participants’ feedback survey indicated that almost all 
of the participants took part because they wanted to be medically checked and since subjects of the 
QBB pilot phase were found to be highly educated, it could be assumed that these participants were 
highly health conscious. As a result of that, the identified disease prevalence in this study might be 
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underestimating the real prevalence in the national population. Third, some variables such as family 
history of diabetes included as many as 200 people with missing information; therefore, it was not 
possible to include them in the study as a confounders. Fourth, the time of blood collection was not 
specified in the QBB database, and therefore, the time of the blood collection was calculated roughly. 
Fifth, using random blood to estimate the MetS might result in misclassification of the MetS status and a 
high total cholesterol for some participants. Moreover, since previous local studies used 8 hour fasting 
samples to identify the MetS status of their subjects, our findings cannot be directly comparable with 
these studies. 
 
16.8. Relevance of the findings of this study to Qatar’s National Health Strategy. 
Qatar’s National Health Strategy 2011-2016 specifies the framework of the strategic directions and main 
initiatives that the health sector should undertake from 2011 to 2016 (Supreme Council of Health, 
2010). The aims of the National Health Strategy are to encourage healthy lifestyles, promote public 
health, and ensure full continuum of highest quality of care. CVD and diabetes are highlighted as high 
priority diseases, and obesity is a major risk factor for both. There are plans to execute a focused set of 
evidence-based programmes including national screening programmes to prevent these chronic 
diseases. Hence, the current study is aligned with Qatar’s National Health Strategy 2011-2016. The 
findings of the current study can be used for policymaking and decision-making; for example, this study 
provides updated data on the prevalence of obesity, diabetes, hypertension and high cholesterol among 
a sample of the Qatari population. It highlights for the first time among a sample of Qataris that there 
are different subgroups of obesity with different metabolic characteristics and due to that there should 
be new policies regarding obesity treatments. This study has presents the association between obesity 
and biomarkers of insulin sensitivity and inflammation, which was not examined before among this 
population, and provides recommendations to direct future research.  
 
16.9. Implications of the study findings.  
 The findings of the current study can support the planning of the National Health Strategy programmes 
as following: 
 
Implication 1:   
This study supports the findings of other local studies that obesity is highly prevalent in Qataris. The 
current study showed that central obesity not only was the most abundant determinant of the MetS, 
but also was significantly higher in the MAO subgroup compared to their healthy counterpart. In 
addition, central obesity had the strongest association with the examined insulin sensitivity and 
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inflammation biomarkers of all of the included body fatness indices. Based on these findings, long-term 
cost-effective public health campaigns and programmes are urgently needed in order to reduce the 
prevalence of central obesity. 
 
Implication 2:  
The SCH shall lead randomised controlled trials related to the efficacy of the current treatments for 
diabetes and hypertension.  
 
Implication 3:  
Although there have been several public health awareness campaigns about CVD, obesity, hypertension 
and diabetes. To our knowledge, there has been no awareness campaigns dedicated for dyslipidemia in 
Qatar yet. The public might lack the required knowledge about dyslipidemia, how to prevent it and 
control it. This could be implied due to the high percentage of participants of this study (33.0%) who 
reported to have dyslipidemia but were not on treatment for it. Therefore there is an urgent need to 
perform a national health awareness campaign to increase the public’s knowledge about the risk 
factors, treatments and consequences of dyslipidemia. The success of these types of campaigns should 
be measured using appropriate tools. Successful campaigns will eventually reduce the number of 
associated CVD cases and CVD-mortality.  
 
Implication 4:  
The metabolic difference between the obesity subgroups may imply that using the same treatment 
would not necessarily be effective in all subgroups. To our knowledge, nowadays in Qatar, surgical 
treatments of obesity are becoming more popular and have been performed even for young individuals 
and within the overweight range of BMI in some private hospitals. This is because the current obesity 
treatment guidelines do not discriminate between MHO and MAO individuals. Both doctors and the 
public should be informed about the different types of obesity and the best practice to treat each 
subgroup. Since these surgical treatments have several medical complications risks (Fobi, 2004), doctors 
should not recommend them for their patients as their first line of treatment and should not generalise 
them for all subgroups of obesity. Studies on other populations have shown that MHO subjects are 
responsive to dietary and physical activity interventions (Dalzill et al, 2014). Therefore, the SCH in Qatar 
should revise the current obesity treatment guidelines and place strict policies to stop conducting 
surgical treatments for those who do not need it such as the MHO. 
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16.10. Current initiatives against obesity in Qatar. 
There are multiple current programmes in Qatar that are promoting increasing physical activity, 
improving diet and living healthy lifestyles. Two major programmes are “Step into Health” established 
by Aspire Zone Foundation (2014) and the “Your Health First”, which is translated in Arabic to “Sahtak 
Awalan”, established by Weill Cornell Medical College-Qatar (2012) in collaboration with SCH in 2012 
and will run until 2016. The first campaign is a dynamic self-managed lifelong programme primarily 
aimed to encourage individuals to walk +10,000 steps per day in a recreational approach. The other 
campaign is a community-based educational health programme to inform the public about healthy 
lifestyle choices and diets. Continuity of these programmes with regular updates and improvement are 
necessary for their success. The effectiveness of these programmes should be measured. 
 
Qatar is the first country in the world to have a national holiday to practice sport. This initiative is called 
the National Sport Day (http://www.sportday.qa). It was first celebrated in 2012, and thereafter, 
annually held on the second Tuesday in February. The main objective is to promote physical activity and 
healthy lifestyle among Qatar’s population.  
It should be considered that measuring the impact of behavioral changes is not an easy task. 
Furthermore, epidemiological studies on nationally representative samples are needed in order to 
monitor obesity prevalence over time and be able to measure the success of the health programmes 
and campaigns.  
16.11. Recommendations for further work. 
The following recommendations and proposed topics of research would improve the understanding of 
MetS, obesity subgroups, and the association of obesity to insulin sensitivity and inflammation in the 
GCC region. 
1. The harmonised criteria for determining the MetS should be considered in all of the future 
studies about the MetS among Qataris since it was able to capture the highest number of cases 
among the current study population. Further studies will help to confirm these findings.   
2. There is an urgent need to establish validated cutoff points for central obesity among the GCC 
population. Using the American or European cutoff points might not be suitable for this region 
due to difference in the genetic composition, which has a major role in disease susceptibility.  
3. Interventional studies are required among Qataris in order to identify efficient treatments for 
the various obesity subgroups. 
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4. Longitudinal studies among Qataris are important to identify the causal relationship between 
body fatness indices and insulin sensitivity and inflammation biomarkers. For example, the 
association of visceral fat content with several diseases risk (such as diabetes, MetS, cancer and 
CVD) should be explored among Qataris by conducting prospective studies. Another study may 
consider the effect of weight loss on C-peptide, HbA1c and fibrinogen concentrations. 
5. The association of other inflammatory markers such as CRP, TNF-alpha and interlukin-6 with 
body fatness should be examined among Qataris since they are known as established predictors 
for CVD in other populations.  
6. Various obesity subgroups should be explored regarding additional characteristics including 
mitochondrial dysfunction, intima media thickness along with levels of leptin and adiponectin. 
 
16.12. Conclusions. 
Obesity and sedentary lifestyle were highly prevalent among the QBB pilot phase participants. 
Associated diseases such as the MetS and its determinants were highly prevalent in this population as 
well. Further studies are needed to investigate why significantly more subjects on treatment for 
diabetes had abnormal levels of HbA1c compared to subjects without treatment, and why individuals 
who were on treatment for hypertension had similar blood pressure levels compared to subjects 
without treatment.   
Findings from the current project showed that the prevalence of the MetS among the QBB pilot phase 
Qatari men and women ranged from 18.4% to 28.9%. Central obesity was the highest prevalent 
determinant of the MetS among the study population followed by dyslipidemia. The odds of having the 
MetS increased with age and higher BMI status, whereas it decreased with higher physical activity. 
These findings suggest that future interventions should target central obesity and dyslipidemia in 
Qataris. 
About a quarter of the obese subjects in this study population were classified as MHO and 
approximately one third of lean subjects were MAN. When compared to the reference group (MHN), 
MAN, MHO and MAO were significantly different regarding several characteristics of metabolic health. 
Significant differences regarding several characteristics of metabolic health were also found between 
MHO and MAO. Based on these findings we suggested that different obesity subgroups might require 
different treatments. 
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The specified body fatness indices were significantly positively associated with C-peptide, HbA1c and 
fibrinogen. WC had the strongest association with the examined biomarkers that persisted after 
adjustment for potential confounders. The association between the body fatness indices and C-peptide 
were stronger in fasting subjects than that among non-fasting subjects. Age and gender were the 
strongest predictors of the variation in the body fatness indices in almost all of the examined regression 
models. 
Although this study provided a good snapshot about the MetS, obesity subgroups and the association of 
total and central obesity indices with C-peptide, HbA1c and fibrinogen, more epidemiological studies 
(longitudinal and interventional) are needed in the current area of research to support the Qatari 
government in decision and policy making to improve the Qataris’ health. The findings of this study has 
provided updated information on the prevalence of specified diseases in a sample of Qataris and has 
presented new information regarding topics that were not previously investigated in Qataris. Moreover, 
the findings of this study may be used to direct future studies about obesity, the MetS, insulin resistance 
and inflammation in Qataris. 
 
 
 
 
 
 
 
 
 
 
 
 
 177 
References 
Abdul Aziz C.B., Omar N., Abdulla W.Z., Abdul Jalil R. et al (2014) Reduced fibrinogen, fibrinolytic biomarkers, and 
physical parameters after a weight-loss program in obese subjects. North American Journal of Medical Sciences. 
6(8):377–382. 
Abdul-Ghani M.A., Williams K., DeFronzo R.A. and Stern M. (2007) What is the best predictor of future type 2 
diabetes? Diabetes Care. 30(6):1544-1548. 
Abdullah A., Hasan H., Raigangar V. and Bani-Issa W. (2012) C-peptide versus insulin: Relationship with risk of 
cardiovascular disease in metabolic syndrome young Arab females. International Journal of Endocrinology. 
2012:420792. 
Acheson K.J., Schutz Y., Bessard T., Anantharaman K. et al (1988) Glycogen storage capacity and de novo 
lipogenesis during massive carbohydrate overfeeding in man. The American Journal of Clinical Nutrition. 48:240-
247. 
Adaikalakoteswari A., Finer S., Voyias P.D., McCarthey C.M. et al (2015) Vitamin B12 insufficiency induces 
cholesterol biosynthesis by limiting s-adenosylmethionine and modulating the methylation of SREBF1 and LDLR 
genes. Clinical Epigenetics. 7(1):14. 
Aguilar-Salines C.A., Garcia E.G., Robles L., Riano D. et al (2008) High adiponectin concentrations are associated 
with the metabolically healthy obese phenotype. Journal of Clinical Endocrinology and Metabolism. 93:4075-
4079. 
Al Zenki S., Al Omirah H., Al Hooti S., Al Hammad N. et al (2012) High prevalence of metabolic syndrome among 
Kuwaiti adults – Awake-up call for the public health intervention. International Journal of Environmental 
Research and Public Health. 9:1984-1996. 
Al-Aqeedi R.F., Abdullatef W.K., Dabdoob W., Bener A. et al (2013) The prevalence of metabolic syndrome 
components, individually and in combination, in male patients admitted with acute coronary syndrome, without 
previous diagnosis of diabetes mellitus. Libyan Journal of Medicine. 8:20185. 
Al-Lawati J.A., Mohammed A.J., Al-Hinai H.Q. and Jousilahti P. (2003) Prevalence of the metabolic syndrome among 
Omani adults. Diabetes Care. 26:1781-1785. 
Al-Nozha M.M., Al-Hazzaa H.M., Arafah M.R., Al-Khadra A. et al (2007) Prevalence of physical inactivity among 
Saudis aged 30-70 years: A population-based cross-sectional study. Saudi Medical Journal. 28(4):559-568. 
 
Al-Zalabani A.H., Al-Hamdan N.A. and Saeed A.A. (2015) The prevalence of physical activity and its socioeconomic 
correlates in Kingdom of Saudi Arabia: A cross-sectional population-based national survey. Journal of Taibah 
University Medical Sciences. 10(2):208-215. 
 
Alam A.A., Mitwali A.H., Al-Wakeel J.S., Chaudhary A. and Zebaid M.A. (2004) Plasma fibrinogen and its correlates 
in adult Saudi population. Saudi Medical Journal. 25(11):1593-1602. 
Albanes D., Jones D.Y., Micozzi M.S. and Mattson M.E. (1987) Associations between smoking and body weight in 
the US population: Analysis of NHANES II.  American Journal of Public Health. 77(4):439-444. 
Alberti K.G.M.M., Zimmet P.Z. and Shaw J. (2006) Metabolic syndrome - a new world-wide definition. A Consensus 
Statement from the International Diabetes Federation. Diabetic medicine. 23(5):469–480.  
 Alberti K.G., Eckel R.H., Grundy S.M., Zimmet P.Z. et al (2009) Harmonizing the metabolic syndrome: A joint 
interim statement of the International Diabetes Federation Task Force on Epidemiology and Preventions: 
 178 
National Heart, Lung and Blood Institute; American Heart Association; World Health Federation; International 
Atherosclerosis Society; and International Association for the Study of Obesity. Circulation. 120:1640-1645. 
Alhyas L., McKay A., Balasanthiran A. and Majeed A. (2011) Prevalences of overweight, obesity, hyperglycaemia, 
hypertension and dyslipidaemia in the Gulf: Systematic review. Journal of the Royal Society of Medicine Short 
Reports. 2(7):55-71. 
 
American Council on Exercise (2009) What are the guidelines for percentage of body fat loss. December 2, 2009. 
American Council on Exercise: Ask the Expert Blog. [WWW] <URL: http://www.acefitness.org/acefit/healthy-
living-article/60/112/what-are-the-guidelines-for-percentage-of/> [Accessed on 27 November 2015]. 
 
American Diabetes Association (2009) Standards of medical care in diabtets-2009 (2009) Diabetes Care. 
32(Suppl.1):S13-S61. 
American Diabetes Association (2010) Executive summary: Standards of medical care in diabetes-2010. Diabetes 
Care. 33(Suppl.1):S5-S10. 
American Diabetes Association (2013) Standards of medical care in diabtets-2013 (2013) Diabetes Care. 
36(Suppl.1):S11-S66. 
Amrani D.L. (1990) Regulation of fibrinogen biosynthesis: Glucocorticoid and interleukin-6 control. Blood 
Coagulation and Fibrinolysis. 1:443-446. [In:  Kerr R., Stirling D. and Ludlam C.A. (2001) Review: Interleukin 6 and 
hemostasis. British Journal of Hematology. 115(1):3-12].  
Andres R. (1980) Effect of obesity on total mortality. International Journal of Obesity. 4:381–386. [In: Primeau V., 
Coderre L., Karelis A.D., Brochu M. et al (2011) Characterizing the profile of obese patients who are metabolically 
healthy. International Journal of Obesity. 35:971-981]. 
 
Appleton S.L., Seaborn C.J., Visvanathan R., Hill C.L. et al (2013) Diabetes and cardiovascular diseases outcomes in 
the metabolically healthy obese phenotype: A cohort study. Diabetes Care. 36(8):2388-2394. 
Arnlöv J., Ingelsson E., Sundström J. and Lind L. (2010) Impact of body mass index and the metabolic syndrome on 
the risk of cardiovascular disease and death in middle-aged men. Circulation. 121:230–236. 
Aspire Zone Foundation (2014) Step into health. [WWW] <URL:http://www.stepintohealth.qa/index.aspx#faq> 
[Accessed on 28
th
 of December 2015]. 
Azizi F., Saleh P., Etemadi A. and Zahedi-Asl S. (2003) Prevalence of metabolic syndrome in an urban population: 
Tehran Lipid and Glucose Study. Diabetes Research and Clinical Practice. 61(1):29-37. 
Backhed F., Ding H., Wang T., Hooper L.V. et al. (2004) The gut microbiota as an environmental factor that 
regulates fat storage. Proceedings of the National Academy of Sciences of the United States of America. 
101(44):15718–15723.  
Badrinath P., Al-Shboul Q.A., Zoubeidi T., Gargoum A.S. et al (2002) Measuring the health of the nation: United 
Arab Emirates Health and lifestyle survey 2000. Al-Ain, United Arab Emirates: Faculty of Medicine and Health 
Sciences and College of business and Economics. 
 
Bahijri S.M., Al Radadi R.M., Jambi H., Alamma M.N.A. and Ferns G. (2013) Healthy, normotensive and non-diabetic 
population in Saudi Arabia by two definitions: Implications for local practice. Journal of Endocrinology and 
Metabolic Diseases. 3:18-24. 
 
Baker C. (2015) Obesity Statistics. Commons Briefing papers SN03336. United Kingdom: House of Commons 
Library.  
 
 179 
Balkau B. and Charles M.A. (1999) Comment on the provisional report from the WHO consultation. European 
Group for the Study of Insulin Resistance (EGIR). Diabetic Medicine. 16(5):442-443. 
 
Balleisen L., Bailey J., Epping P.H., Schulte H., van de Loo J. (1985) Epidemiological study on factor VII, factor VIII 
and fibrinogen in an industrial population: Baseline data on the relation to age, gender, body-weight, smoking, 
alcohol, pill-using, and menopause. Thrombosis Haemostsis. 54:475–479.  
 
Balraci D., Kutlucan A., Turker Y., Yimas A. et al (2013) Association of vitamin B12 with obesity, overweight, insulin 
resistance and metabolic syndrome and body fat composition: Primary care-based study. Medicinski Glasnik 
(Zenica). 10(2):203-210. (Abstract) 
Banerji M.A., Chaiken R.L., Gordon D., Kral J.G. and Lebovitz H.E. (1995) Does intra-abdominal adipose tissue in 
black men determine whether NIDDM is insulin-resistant or insulin-sensitive? Diabetes. 44:141-146. 
Bansal S., Buring J.E., Rifai N., Mora S. et al (2007) Fasting compared with non-fasting triglycerides and risk of 
cardiovascular events in women. Journal of the American Medical Association. 298:299-308. 
Barazzoni R., Zanetti M., Davanzo G., Kiwanuka E. et al (2000) Increase fibrinogen production in type 2 diabetic 
patients without detectable vascular complications: Correlation with plasma glucagon concentrations. 
85(9):3121-3125. 
Bays H.E., Toth P.P., Kris-Etherton P.M., Abate N. et al (2013) Obesity, adiposity and dyslipidemia: A consensus 
statement from the National Lipid Association. Journal of Clinical Lipidiology. 7:307-383. 
Beltran-Sanchez H., Harhay M.O., Harhy M.M., McElligott S. et al (2013) Prevalence and trends of metabolic 
syndrome in the adult US population, 1999-2010. Journal of American College of Cardiology. 62:697-703. 
Bener A., Al Suwaidi J., Al-Jaber K., Al-Marri S., Dagash M.H. and Elbagi I.E.A. (2004) The prevalence of 
hypertension and its associated risk factors in a newly developed country. Saudi Medical Journal. 25: 918–922. 
[In: Bener A. and Tawfik I. (2006) Prevalence of overweight, obesity, and associated psychological problems in 
Qatari’s female population. Obesity Reviews. 7(2):139-145.] 
 
Bener A., Zirie M. and Al-Rikabi A. (2005) Genetics, obesity and environmental risk factors associated with type 2 
diabetes. Croatian Medical Journal. 46(2):302-307. 
 
Bener A. and Tawfik I. (2006) Prevalence of overweight, obesity, and associated psychological problems in Qatari’s 
female population. Obesity Reviews. 7(2):139-145. 
 
Bener A., Zirie M., Janahi I.M., Al-Hamaq A.O.A.A. et al (2009a) Prevalence of diagnosed and undiagnosed diabetes 
mellitus and its risk factors in a population-based study of Qatar. Diabetes Research Clinical Practice. 84(1):99-
106. 
 
Bener A., Zirie M., Musalam M., Khader Y.S. et al (2009b) Prevalence of metabolic syndrome according to Adult 
Treatment Panel III and International Diabetes Federation criteria: A population-based study. Metabolic 
Syndrome and Related Disorders. 7(3):221-230. 
 
Bener A., Mohammed A., Ismail A.N., Zirie M. et al (2010) Gender and age related difference in patient with the 
metabolic syndrome in a highly edogamous population. Bosnian Journal of Basic Medical Sciences. 10(3):210-217. 
  
Bener A., Yousafzai M., Darwish S., AL Hamaq A.O.A.A. et al (2013) Obesity index that better predict metabolic 
syndrome: Body mass index, waist circumference, waist hip ratio, or waist height ratio. Journal of Obesity: 
Hindawi Publishing Corporation. ID 269038. 
 
Bener A., Darwish S., AL Hamaq A.O.A.A., Yousafzai M. and Nasralla E.A. (2014) The potential impact of family 
history of metabolic syndrome and risk of type 2 diabetes mellitus: In a highly endogamous population. Indian 
Journal of Endocrinology and Metabolism. 18(2):202-209. 
 180 
 
Berg A.H. and Scherer P.E. (2005) Adipose tissue, inflammation, and cardiovascular disease. Circulation Research. 
96:939-949. 
Berger B., Stenstrom G. and Sundkvist G. (2000) Random C-peptide in the classification of diabetes. Scandinavian 
Journal of Clinical and Laboratory Investigation. 60:687-693. 
 
Bergman R.N., Kim S.P., Hsu I.R., Catalano K.J. et al (2007) Abdominal obesity: Role in the pathophysiology of 
metabolic disease and cardiovascular risk. American Journal of Medicine. 120(2 Suppl.1):S3-S8. 
Best J.H., Lavillotti K., Deyoung M.B. and Garrison L.P. (2012) The effects of exenatide BID metabolic practice: A 
systematic review. Diabetes, Obesity and Metabolism. 14(5):387-398. 
Bezemer I.D., Rinaldi S., Dossus L., Gils C.H. et al (2005) C-peptide, IGF-I, sex-steroid hormones and adiposity: A 
cross-sectional study in healthy women within in the European Prospective Investigation into Cancer and 
nutrition (EPIC). Cancer Causes and Control. 16(5):561-572. 
Bo M., Raspo S., Morra F., Cassader M. et al (2004) Body fat is the main predictor of fibrinogen levels in healthy 
non-obese men. Metabolism. 53(8):984-988. 
Boeing H., Weisgerber U.M., Jackel A., Rose H-J. and Kroke A. (2000) Association between glycated hemoglobin 
and diet and other lifestyle factors in a nondiabetic population: Cross-sectional evaluation of data from the 
Potsdam cohort of the European Prospective Investigation into Cancer and Nutrition Study. American Journal of 
Clinical Nutrition. 71:1115-1122. 
Bonora E., Targher G., Zenere M.B., Saggiani F. et al (1996) Relationship of uric acid concentration to cardiovascular 
risk factors in young men: Role of obesity and central fat distribution. The Verona Young Men Atherosclerosis Risk 
Factor Study. 20(11):975-980. 
Bonora E., Kiechl S., Willeit J., Oberhollenzer F. et al (1998) Prevalence of insulin resistance in metabolic disorders: 
The Bruneck Study. Diabetes. 47:1643-1649. (Abstract) 
Bonora E., Kiechl S., Willeit J., Oberhollenzer F. et al (2007) Insulin resistance as estimated by homeostasis model 
assessment predicts incident symptomatic cardiovascular disease in Caucasian subjects from the general 
population: The Bruneck Study. Diabetes Care. 30:318–324. 
 
Bonser A.M. and Garcia-Webb P. (1984) C-peptide measurement: Methods and clinical utility. Critical Reviews in 
Clinical Laboratory Sciences. 19:297–352. 
 
Bower J.K., Brackett R., Foster M.C. and Foraker R.E. (2015) Abstract P246: Lean body mass, percent body fat and 
HbA1c in the U.S. population: The National Health and nutrition Examination Survey (NHANES 1999-2006). 
Circulation. 131:AP246. 
Boyko E.J., Fujimoto W.Y., Leonetti D.L. and Newell-Morris L. (2000) Visceral adiposity and risk of type 2 diabetes: A 
prospective study among Japanese American. Diabetes Care. 23:465-471. 
Branca F., Nikogosian H. and Lobestein T. (2007) The challenge of obesity in the WHO European region and 
strategies for response. Denmark: WHO regional office Europe. 
 
Brochu M., Tchernof A., Dionne I.J., Sites C.K. et al (2001) What are the physical characteristics associated with a 
normal metabolic profile despite a high level of obesity in postmenopausal women?. Journal of Clinical 
Endocrinology and Metabolism. 86(3):1020–1025. 
Burstein S.A., Peng J., Friese P., Wolf R.F. et al (1996) Cytokine-induced alteration of platelet and hemostatic 
function. Stem Cells. 14(Suppl.1):154–62. [In: Wisse B. E. (2004) The inflammatory syndrome: The role of adipose 
 181 
tissue cytokines in metabolic disorders linked to obesity. Journal of American Society of Nephrology. 15:2792–
2800]. 
Caballero A.E. (2004) Endothelial dysfunction, inflammation and insulin resistance: A focus on subjects at risk for 
type 2 diabetes. Current Diabetes Reports. 4:237-246. 
Cakir H., Heus C., Verduin W.M., Lak A., Doodeman H. et al (2015) Visceral obesity, body mass index and risk of 
complications after colon cancer resection: A retrospective cohort study. Surgery. 157:909-915. 
Carr D.B., Utzschneider K.M., Hull R.L., Kodama K. et al (2004) Intra-abdominal fat is a major determinant of the 
National Cholesterol Education Program Adult Treatment Panel III criteria for the metabolic syndrome. Diabetes.  
53:2087–2094. 
Chan J.M., Rimm E.B., Colditz G.A., Stampfer M.J. and Willett W.C. (1994) Obesity, fat distribution, and weight gain 
as risk factors for clinical diabetes in men. Diabetes Care. 17(9):961-969. 
 
Chan W.B., Tong P.C., Chow C.C., So W.Y. et al (2004) The associations of body mass index, C-peptide and 
metabolic status in Chines type2 diabetic patients. Diabetic Medicine. 21:349-353. 
Chatterjee R., Yeh H-C., Edelman D. and Brancati F. (2011) Potassium and risk of type 2 diabetes. Expert Reviews in 
Endocrinology and Metabolism. 6(5):665-672. 
Cigolini M., Targher G., de Sandre G., Muggeo M. and Seidell J.C. (1994) Plasma fibrinogen in relation to serum 
insulin, smoking habits and adipose tissue fatty acids in healthy men. European Journal of Clinical Investigation. 
24:126–130. 
Cohen R.M., Haggerty S. and Herman W.H. (2010) HbA1c for the diagnosis of diabetes and prediabetes: Is it time 
for a mid-course correction?. Journal of Clinical Endocrinology and Metabolism. 95:5203-5206. 
Colditz G.A., Willett W.C., Stampfer M.J., Mansin J.E. et al (1990) Weight as a risk factor for clinical diabetes in 
women. American Journal of Epidemiology. 47:1555-1561. 
 
Conus F., Rabasa-Lhoret R. and Peronnet F. (2007) Characteristics of metabolically obese normal-weight (MONW) 
subjects. Applied Physiology, Nutrition and Metabolism. 32:4-12. 
Cooper L.A., Page S.T., Amory J.K., Anawalt B.D. and Matsumoto A.M. (2015) The association of obesity with sex 
hormone-binding globulin is stronger than the association with ageing implications for the interpretation of total 
testosterone measurements. Clinical Endocrinology. (online version) 
Daka B., Rosen T., Jansson P.A., Ratam L. et al (2013) Inverse association between serum insulin and sex hormone-
binding globulin in a population survey in Sweden. Endocrine Connections. 2(1):18-22. 
 
Dalton M., Cameron A.J., Zimmet P.Z., Shaw J.E. et al (2003) Waist circumference, waist-hip ratio and body mass 
index and their correlation with cardiovascular disease risk factors in Australian adults. Journal of Internal 
Medicine. 254:555–63. 
Dalzill C., Nigam A., Juneau M., Guilbeault V. et al (2014) Intensive lifestyle intervention improves cardiometabolic 
and exercise parameters in metabolically health obese and metabolically unhealthy obese individuals. Canadian 
Journal of Cardiology. 30:434-440. 
Danesh J., Lewington S., Thompson S.G., Lowe G.D.O., the fibrinogen studies collaboration et al (2005) Plasma 
fibrinogen level and the risk of major cardiovascular diseases and nonvascular mortality: An individual participant 
meta-analysis. Journal of American Medical Association. 294(14):1799-1809. 
Das I. (1985) Raised C-reactive protein levels in serum from smokers. Clinica Chimica Acta. 153:9–13. [In: Kamath S. 
and Lip G.Y.H. (2003) Fibriogen: Biochemistry, epidemiology and determinants. QJM. 96(10):711-729]. 
 182 
Davis W.A., Bruce D.G. and Davis T.M. (2011) Economic impact of moderate weight loss in patients with type 2 
diabetes: The Fremantle Diabetes Study. Diabetic Medicine. 28:1131-1135. 
DeFronzo R.A., Tobin J.D. and Andre R. (1979) Glucose clump technique: A method for quantifying insulin secretion 
and resistance. American Journal of Physiology. 237:E214-E223. 
 
DeFronzo R.A. and Ferrannini E. (1991) Insulin resistance: A multifaceted syndrome responsible for NIDDM, 
obesity, hypertension, dyslipidemia and atherosclerotic cardiovascular disease. Diabetes Care. 14(3):173-194. 
 
Delahanty L.M., Nathan D.M., Lachin J.M., Hu F.B. et al (2009) Association of diet with glycated hemoglobin during 
intensive treatment of type I diabetes in the Diabetes Control and Complications Trial. American Journal of 
Clinical Nutrition. 89:518-524. 
DeMarco V.G., Aroor A.R. and Sowers J.R. (2014) The pathophysiology of hypertension in patients with obesity. 
Nature Reviews Endocrinology. 10(6):364-376. 
Despres J.P., Moorjani S., Lupien P.J., Tremblay A., Nadeau A., Bouchard C. (1990) Regional distribution of body fat, 
plasma lipoproteins, and cardiovascular disease. Arteriosclerosis. 10:497–511. 
Despres J.P. (1991) Lipoprotein metabolism in visceral obesity. International Journal of Obesity. 15:45–52. 
Despres J.P., Moorjani S., Lupien P.J., Tremblay A., Nadeau A. and Bouchard C. (1992) Genetic aspects of 
susceptibility to obesity and related dyslipidemias. Molecular and Cellular Biochemstry. 113:151–169. 
Despres J.P. (1996) Visceral obesity and dyslipidemia: contribution of insulin resistance and genetic susceptibility. [ 
In: Wajchenberg B.L. (2000) Subcutaneous and visceral adipose tissue: their relation to the metabolic syndrome. 
Endocrine Reviews. 21(6):697-738]. 
Deurenberg P., Andreoli A., Borg P. and Kukkonen-Harjula K. et al (2001) The validity of predicted body fat 
percentage from body mass index and from impedance in samples of five European populations. European 
Journal of Clinical Nutrition. 55:973-979. 
 
Ditschuneit H.H., Flechtner-Mors M. and Adler G. (1995) Fibrinogen in obesity before and after weight reduction. 
Obesity Research. 3:43–48. 
Donohoe C.L., Doyle S.L. and Reynolds J. (2011) Visceral adiposity, insulin resistance and cancer risk. Diabetology 
and Metabolic Syndrome. 3:12. 
Dotevall A., Johansson S. and Wilhelmsen L. (1994) Association between fibrinogen and other risk factors for 
cardiovascular disease in men and women: Results from the Goteborg MONICA survey 1985. Annals of 
Epidemiology. 4:369–374. 
Durward C.M., Hartman T.J. and Nickols-Richardson S.M. (2012) All-cause mortality risk of metabolically healthy 
obese individuals in NHANES III. Journal of Obesity. ID 460321. 
Dvorak R.V., DeNino W.F., Ades P.A., Poehlman E.T. (1999) Phenotypic characteristics associated with insulin 
resistance in metabolically healthy obese but normal weight young women. Diabetes. 48:2210-2214. 
Eckel R.H. (1997) Obesity and heart disease: A statement for healthcare professionals from the Nutrition 
Committee, American Heart Association. Circulation. 96(9):3248–3250.  
Einhorn D., Reaven G.M., Cobin R.H. et al (2003) American College of Endocrinology position statement on the 
insulin resistance syndrome. Endocrine Practice. 9(3):236-252. 
 183 
Eliasson M., Asplund K., Evrin P.E. and Lundblad D. (1995) Relationship of cigarette smoking and snuff dipping to 
plasma fibrinogen, fibrinolytic variables and serum insulin. The Northern Sweden MONICA Study. Atherosclerosis. 
113:41–53. 
Ernst E., Matria A., Schmölzl C.H. and Magyarosy I. (1987) Dose-effect relationship between smoking and blood 
rheology. British Journal of Hematology. 65:485-487. [Abstract] 
Ernst E.  (1990) Plasma fibrinogen- an independent cardiovascular risk factor. Journal of Internal Medicine. 
227:365-72. 
Ernst E. (1993a) The role of fibrinogen as a cardiovascular risk factor: A review article. Atherosclerosis. 100:1-12. 
Ernst E. (1993b) Does weight loss reduces plasma fibrinogen level?. British Heart Journal. 70:116-118. 
Ernst E. and Resch K.L. (1993) Fibrinogen as a cardiovascular risk factor: A meta-analysis and review of the 
literature. Annals of Internal Medicine. 118:956-963. 
Esposito K., Chiodinin P., Colao A., Lenzi A. and Giugliano D. (2012) Metabolic syndrome and risk of cancer: A 
systematic review and meta-analysis. Diabetes Care. 35:2402-2411. 
Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults (2001) Executive 
summary of the Third Report of The National Cholesterol Education Program (NCEP) expert panel on detection, 
evaluation, and treatment of high blood cholesterol in adults (Adult Treatment Panel III). Journal of the American 
Medical Association. 285:2486-2497. 
Fabbrini E., Magkos F., Mohammed B.S., Pietka T. et al (2009) Intrahepatic fat, not visceral fat, is linked with 
metabolic complications of obesity. Proceeding of the National Academy of Sciences of the United States of 
America. 106(36):15430-15435. 
Ferrannini E., Natali A., Bell P., Cavallo-Perin P. et al (1997) Insulin resistance and hypersecretion in obesity: 
European Group for the Study of Insulin Resistance (EGIR). Journal of Clinical Investigations. 100:1166-1173. 
Festa A., D'Agostino R., Jr. Howard G., Mykkanen L. et al (2000) Chronic subclinical inflammation as part of the 
insulin resistance syndrome: The Insulin Resistance Atherosclerosis Study (IRAS). Circulation. 102:42– 47. 
Festa A., Agostino R.D., Williams K., Karter A.J. et al (2001) The relation of body fat mass and distribution to 
markers of chronic inflammation. International Journal of Obesity. 25:1407-1415. 
Field A.E., Coakley E.H., Must A., Spadano J.L. et al (2001) Impact of overweight on the risk of developing common 
chronic diseases during a 10-year period. Archives of Internal Medicine. 161:1581–1586. 
 
Flegal K.M., Carroll M.D., Ogden C.L. and Curtin L.R. (2010) Prevalence and trends in obesity among US adults, 
1999-2008. Journal of the American Medical Association. 303:235-241. 
Flegal  K.M., Kit B.K., Orpana H. and Graubard B.I. (2013) Association of all-cause mortality with overweight and 
obesity using standard body mass index categories: A systematic review and meta-analysis. Journal of American 
Medical Association. 309(1):71-82.  
Flint A.J., Hu F.B., Glynn R.J., Caspard H. et al  (2010) Excess weight and the risk of incident coronary heart disease 
among men and women. Obesity. 18:377–383. 
Fobi M.A.L. (2004) Surgical treatment of obesity: A review. Journal of National Medical Association. 96(1):61-75. 
Ford E.S., Giles W.H. and Dietz W.H. (2002) Prevalence of the metabolic syndrome among US adults: Findings from 
the Third National Health and Nutrition Examination survey. Journal of the American Medical Association. 
287:356– 359. 
 184 
Fujikoa S., Matsuzawa Y., Tokunaga K. and Tarui S. (1987) Contribution of intraabdominal fat accumulation to the 
impairment of glucose and lipid metabolism in human obesity. Metabolism. 36:54-59. 
Funahashi T., Nakamura T., Shimomura I., Maeda K. et al (1999) Role of adipocytokines on the pathogenesis of 
atherosclerosis in visceral obesity. Internal Medicine. 38(2):202-206. 
Fruge A.D., Byrd S.H., Fountain B.J., Cossman J.S. et al (2015) Increased physical activity may be more protective for 
the metabolic syndrome than reduced caloric intake. An analysis of the estimated energy balance in U.S adults: 
2007-2010 NHANES. Nutrition, Metabolism and Cardiovascular Disease. 25(6):535-540.  
Fu A. and Nair.K.S. (1998) Age effect on fibrinogen and albumin synthesis in humans. American Journal of 
Physiology. 275(6 Part.1):e1023–e1030. 
Gabriely I., Ma X.H., Yang X.M., Aztmon G. et al (2002) Removal of visceral fat prevents insulin resistance and 
glucose intolerance of aging: An adipokine-mediated process?. Diabetes. 51(10):2951-2958. 
Gader A.G.M., Bahakim H.M. and MAlaika S.S. (1990) Normal reference levels of haemolytic variables in healthy 
subjects. Saudi Medical Journal. 11:478-483. [In: Alam A.A., Mitwali A.H., Al-Wakeel J.S., Chaudhary A. and Zebaid 
M.A. (2004) Plasma fibrinogen and its correlates in adult Saudi population. Saudi Medical Journal. 25(11)1593-
1602.] 
Ganda O.P. and Arkin C.F. (1992) Hyperfibrinogenemia: An important risk factor for vascular complications in 
diabetes. Diabetes Care. 15:1245–1250.  
Gastaldelli A., Miyazaki Y., Pettiti M., Mustada M. et al (2002) Metabolic effects of visceral fat accumulation in type 
2 diabetes. Journal of Clinical Endocrinology and Metabolism. 87:5098–5103. 
Geer E.B. and Shen W. (2009) Gender difference in insulin resistance, body composition and energy balance. 
Gender Medicine. 6(Suppl.1):60-75. 
Genelhu V.A., Celoria B.M., Duarte S.F., Cabello P.H. et al (2009) Not all obsess subjects of multiethnic origin are at 
similar risk for developing hypertension and type-2 diabetes. European Journal of Internal Medicine. 20:289-295. 
General Secretariat for Development Planning (2008) Qatar National Vision 2030. Qatar: General Secretariat for 
Development Planning.  
Ghigliotti G., Barisione C., Garibaldi S., Fabbi P. et al (2014) Adipose tissue immune response: Novel triggers and 
consequences for chronic inflammatory conditions. Inflammations. 37(4):1337-1353. 
Giansante C., Fiotti N., Cattin L., Da Col P.G. and Calabrese S. (1994) Fibrinogen, D-dimer and thrombin-
antithrombin complexes in a random population sample: Relationships with other cardiovascular risk factors. 
Thrombosis and Haemostasis. 71:581–586.  
Gilchrist E. and Tullock J.A. (1952) Observations on the plasma fibrinogen content after myocardial infarction. 
Edinburgh Medical Journal. 59:561- 570. [In: Ernst E. and Resch K.L. (1993) Fibrinogen as a cardiovascular risk 
factor: A meta-analysis and review of the literature. Annals of Internal Medicine. 118:956-963. 
Goodpaster B.H., Krinshnaswami S., Resnick H., Kelley D.E. et al (2003) Association between regional adipose tissue 
distribution and both type 2 diabetes and impaired glucose tolerance in elderly men and women. Diabetes Care. 
26:372-379. 
Grote V.A., Rohrmann S., Nieters A., Dossus A. et al (2011) Diabetes mellitus, glycated haemoglobin and C-peptide 
levels in relation to pancreatic cancer risk: A study within the European Prospective Investigation into Cancer and 
Nutrition (EPIC) cohort. Diabetologia. 54:3037-3046. 
Grundy S.M. (2004) Obesity, metabolic syndrome, and cardiovascular disease. Journal of Clinical Endocrinology and 
Metabolism. 89(6):2595-2600. 
 185 
 
Grundy S.M., Hansen B., Smith S. Jr., Cleeman J.I. et al (2004) Clinical management of metabolic syndrome: Report 
of the American Heart Association/ National Heart, Lung and Blood Institute/ American Diabetes Association 
conference on scientific issues related to management. Circulation. 109:551-56. 
Grundy S. M., Cleeman J.I., Daniels S.R., Donato K.A., Eckel R.H. et al (2005) Diagnosis and management of the 
metabolic syndrome. An American Heart Association/ National Heart, Lung and Blood Institute scientific 
statement. Circulation. 112: 2735-2752. 
Haj Bakri A. and Al-Thani A. (2013) Chronic diseases risk factor surveillance: Qatar STEPS report 2012. Qatar: The 
Supreme Council of Health. 
Hamaguchi M., Kojima T., Takeda N., Nakagawa T., Taniguchi H., Fujii K. et al (2005) The Metabolic syndrome as a 
predictor of nonalcoholic fatty liver disease. Annual Internal Medicine. 143:722-728.  
Hamer M. and Stamatakis E. (2012) Metabolically healthy obesity and risk of all-cause and cardiovascular disease 
mortality. Journal of Clinical Endocrinology and Metabolism. 97(7):2482-2488. 
Hammoudeh S., Bener A., Zirie M., Al-Hamaq A. et al (2013) The effect of non-exercise activity thermogenesis on 
subjects with metabolic syndrome – a proof of concept study in Qatar. Qatar Medical Journal. 2013(1):12-18. 
Han T.S., Williams K., Sattar N., Hunt K.J., Lean M.E. and Haffner S.M. (2002) Analysis of obesity and 
hyperinsulinemia in the development of metabolic syndrome: San Antonio Heart Study. Observational Research. 
10(9):923-931. 
Hanley A.J., McKeown-Eyssen G., Harris S.B., Hegele R.A. et al (2002) Cross-sectional and prospective associations 
between abdominal adiposity and proinsulin concentration. Journal of Clinical Endocrinology and Metabolism. 
87(1):77-83. 
Hansen D., Dendale P., Jonkers R.A., Beelen M. et al (2009) Continuous low-to moderate-intensity exercise training 
is as effective as moderate- to high-intensity exercise training at lowering blood HbA(1c) in obese type2 diabetes 
patients. Diabetologia. 52:1789-1797. 
Hanson R.L., Imperator G., Bennett P.H. and Knowler W.C. (2002) Components of the “metabolic syndrome” and 
incidence of type 2 diabetes. Diabetes. 51:3120-3127. 
Heinrich P.C., Castell J.V. and Andus T. (1990) Interleukin-6 and the acute phase response. Biochemical Journal. 
265:621–636.  
Higgins T. (2012) HbA1c for screening and diagnosis of diabetes mellitus. Endocrine. 43(2):266-273. 
Ho L-C., Yen C-J., Chao C-T., Chiang C-K. et al (2015) Visceral fat area is associated with HbA1c but not dialysate-
related glucose load in nondiabetic PD patients. Scientific Reports. 5:12811. 
Ho-Pham L.T., Campbell L.V. and Nguyen T.V. (2011) More on body fat cutoff points. Mayo Clinic Proceedings. 
86(6):584.  
Hotamisligil G.S. (1999) The role of TNFalpha and TNF receptors in obesity and insulin resistance. Journal of 
Internal Medicine. 245:621-625. 
Houstis N., Rosen E.D. and Lander E.S. (2006) Reactive oxygen species have a causal role in multiple forms of 
insulin resistance. Nature. 440(7086):944-948. 
 186 
Hu G., Qiao Q., Tuomilehto J., Balkau B. et al (2004) Prevalence of the metabolic syndrome and its relation to all-
cause and cardiovascular mortality in nondiabetic European men and women. Archives of Internal Medicine. 
164:1066-1076. 
Hu D., Hannah J., Gray R.S., Jablonski K.A. et al (2011) Effects of obesity and body fat distribution on lipids and 
lipoproteins in nondiabetic American Indians: The Strong Heart Study. Obesity Research. 8(6):411-421. 
Hu B., Wang C., Yin S., Yu L. et al (2015) Vigorous-intensity physical activity is associated with metabolic syndrome 
among Chines middle-aged population: A cross-sectional study. International Journal of Sport, Nutrition, Exercise 
and Metabolism. 25(2):119-127. (ABSTARCT) 
Igaz P., Toth S., Rose-John S., Madurka I. et al (1998) Soluble interleukin6 (IL6) receptor influences the expression 
of the protooncogene junB and the production of fibrinogen in the HepG2 human helatoma cell line and primary 
rat hepatocytes. Cytokine. 10(8):620-626. 
International Agency for Research on Cancer (2002). IARC handbooks of cancer prevention: weight control and 
physical activity. Lyon: International Agency for Research on Cancer [In: Reeves G.K., Pirie K., Beral V., Green J. et 
al (2007) Cancer incidence and mortality in relation to body mass index in the Million Women Study: Cohort 
study. British Medical Journal. 335:1134] 
International Diabetes Federation (2006) The IDF worldwide definition of the metabolic syndrome. [In: Thaman R.G. 
and Arora G.P. (2013) Metabolic Syndrome: Definition and pathophysiology-the discussion goes on!. Journal of 
Physiology and Pharmaceutical Advances. 3(3):48-56]. 
International Diabetes Federation (2015) IDF Diabetes Atlas. Seventh edition. Brussels, Belgium: International 
Diabetes Federation. 
International Expert Committee (2009) International Expert Committee report on the role of the A1C assay in the 
diagnosis of diabetes. Diabetes Care. 32:1327-1334. 
Irwin M.L., McTiernan A., Bernstein L., Gilliland F.D. et al (2005) Relationship of obesity and physical activity with C-
peptide, leptin and insulin-like growth factors in breast cancer survivors. Cancer Epidemiology Biomarkers and 
Prevention. 14(12):2881-2888. 
Ishikawa S., Kario K., Nago N. et al (1997) Factor VII and fibrinogen levels examined by age, sex, and other 
atherosclerotic risk factors in a Japanese population: The Jichi Medical School Cohort Study. Thrombosis and 
Haemostsis. 77:890–893.  
 
Ismail M.F.S. (2012) Metabolic syndrome among obese Qataris attending primary health care centres in Doha, 
2010. Journal of Family and Community Medicine. 19:7-11. 
James P.T., Leach R., Kalamara E. and Shayeghi M. (2001) The worldwide obesity epidemic. Obesity Research. 
9(Suppl):228S-233S. 
James P.A., Oparil S., Carter B.L., Cushman W.C. et al (2014) 2014 Evidence-based guideline for the management of 
high blood pressure in adults: Report from the Panel Members Appointed to the Eighth Joint National Committee 
(JNC8). Journal of American Medical Association. 311(5):507-520. 
Jemko-Praznikar Z., Petelin A., Jurdana M. and Ziberna L. (2013) Serum bilirubin levels are lower in overweight 
asymptomatic middle-aged adults: An early indicator of metabolic syndrome. Metabolism. 62(7):976-985. 
Jennings C.L., Lambert E.V., Collins M., Joffe Y. et al (2008) Determinants of insulin-resistant phenotypes in normal-
weight and obese Black African women. Obesity (Sliver Spring). 16:1602-1609. 
Johnsen S.H., Lilleng H., Wilsgaard T. and Bekkelund S.I. (2011) Creatine kinase activity and blood pressure in a 
normal population: The Tromso Study. Journal of Hypertension. 29(1):36–42. 
 187 
Jones A.G. and Hattersley A.T. (2013) The clinical utility of C-peptide measurement in the care of patients with 
diabetes. Diabetic Medicine. 30:803-817. 
Kaaks R., Toniolo P., Akhmedkhanov A., Lukanova A. et al (2000) Serum C-peptide, Insulin-like growth factors (IGF)-
I, IGF-binding proteins, and colorectal cancer risk in women. Journal of the National Cancer Institute. 
92(19):1592-1600. 
 
Kanfer A., Kleinknecht D., Broyer M. and Josso F. (1970) Coagulation studies in 45 cases of nephrotic syndrome 
without uremia. Thrombosis et Diathesis Haemorrhagica. 2(3):562–571. 
Kahn C.R. (1980) Role of insulin receptors in insulin resistant states. Metabolism. 29:456. [In: Bonser A.M. and 
Garcia-Webb P. (1984) C-peptide measurement: Methods and clinical utility. Critical Reviews in Clinical 
Laboratory Sciences. 19:297–352]. 
 
Kahn B.B. and Flier J.S. (2000) Obesity and insulin resistance. The Journal of Clinical Investigation. 106(4):473-481. 
Kamath S. and Lip G.Y.H. (2003) Fibrinogen: Biochemistry, epidemiology and determinants. QJM. 96(10):711-729. 
Kannel W.B., Brand N., Skinner J.J., Dawber T.R. and McNamara P.M. (1967) The relation of adiposity to blood 
pressure and development of hypertension The Framingham study. Annuals of Internal Medicine. 67:48–59. 
 
Kaplan N.M. (1989) The deadly quartet: Upper body adiposity, glucose intolerance, hypertriglyceridaemia and 
hypertension. Archives of Internal Medicine. 149:1514-1520. 
 
Kaptoge S., White I.R., Thompson A.M., Wood S. et al (2007) Association of plasma fibrinogen levels with 
established cardiovascular diseases risk factors, inflammatory markers, and other characteristics: individual 
participants meta-analysis of 154,211 adults in 31 prospective studies. American Journal of Epidemiology. 
166:867-879. 
Karaj A.T., Borecki I.B., North K., Tang W. et al (2006) Longitudinal and age trends of metabolic syndrome and its 
risk factors: The Family Heart Study. Nutrition & Metabolism. 3:41. 
Karelis A.D., St-Pierre D.H., Conus F., Rabasa-Lhoret R. and Poehlman E.T. (2004) Metabolic and body composition 
factors of obesity: What do we know?. The Journal of Clinical Endocrinology and Metabolism. 89(6):2569-2575. 
 
Karelis A.D., Faraj M., Bastard J.P., St-Pierre D.H. et al (2005) The metabolically healthy but obese individual 
presents a favorable inflammation profile. Journal of Clinical Endocrinology and Metabolism. 90(7):4145-4150. 
Karelis A.D. and Rabasa-Lhoret R. (2008) Inclusion of C-reactive protein in the identification of metabolically 
healthy but obese (MHO) individuals. Diabetes Metabolism. 34:183–84. 
 
Kawada T. (2015) Relationships between the smoking status and plasma fibrinogen, white blood cell count and 
serum C-reactive protein in Japanese workers. Diabetes and Metabolic Syndrome: Clinical Research and Review. 
9(3):180-182. 
 
Kelly T., Yang W., Chen C-S., Reynolds K. and He J. (2008) Global burden of obesity in 2005 and projections to 2030. 
International Journal of Obesity. 32:1431-1437. 
 
Kern P.A., Ranganathan S., Li C., Wood L. and Ranganathan G. (2001) Adipose tissue tumor necrosis factor and 
interleukin-6 expression in human obesity and insulin resistance. American Journal of Physiology, Endocrinology 
and  Metabolism. 280:E745-E751. 
 
Kerr R., Stirling D. and Ludlam C.A. (2001) Review: Interleukin 6 and hemostasis. British Journal of Hematology. 
115(1):3-12. 
Khaw K-T., Wareham N., Bingham S., Luben R. et al (2004) Preliminary communication: Glycated hemoglobin, 
diabetes and incident colorectal cancer in men and women: A prospective analysis from the European 
 188 
Prospective Investigation into Cancer-Norfolk Study. Cancer Epidemiology Biomarkers and Prevention. 13(6):915-
919. 
Kharroubi A.T., Darwish H.M., Abu Al-Halaweh A.I., Khammash U.M. (2014) Evaluation of glycated hemoglobin 
(HbAc) for diagnosing type 2 diabetes and prediabetes among Palestinian Arab population. PLOSone. 
9(2):e88123. 
Kim K.J., Yang W.S., Kim S.B., Lee S.K. and Park J.S. (1997) Fibrinogen and fibrinolytic activity in CAPD patients with 
atherosclerosis and its correlation with serum albumin. Peritoneal Dialysis International. 17(2):157–161. 
Kim S.B., Chi H.S., Park J.S., Hong C.D. and Yang W.S. (1999) Effect of increasing serum albumin on plasma D-dimer, 
von Willebrand factor, and platelet aggregation in CAPD patients. American Journal of Kidney Diseases. 
33(2):312–317. 
Kim Y.B., Uotani S., Peirroz D.D., Flier J.S. and Kahn B.B. (2000) In vivo administration of leptin activates signal 
transduction directly in insulin sensitive tissues: Overlapping but distinct pathways from insulin. Endocrinology. 
141:2328-2339. 
Kim S-T., Kim B-J., Lim D-M., Song I-G. et al (2011) Basal C-peptide level as a surrogate marker of subclinical 
atherosclerosis in type 2 diabetes patients. Diabetes and Metabolism Journal. 35:41-49. 
Kiseebah A.H. and Krakower G.R. (1994) Regional adiposity and morbidity. Physiological Reviews. 74:761-811. 
Klop B., Elte J.W.F. and Cabezas C.M. (2013) Dyslipidaemia in obesity: Mechanisms and potential targets. Nutrients. 
5(4):1218-1240. 
 
Kloting N., Fasshauer M., Dietrich A., Kovacs P. et al (2010) Insulin-sensitive obesity. American Journal of 
Physiology—Endocrinology and Metabolism. 299(3):E506–E515. 
Kotsis V., Stabouli S., Papakatsika S., Rizos Z. and Parati G. (2010) Mechanisms of obesity-induced hypertension. 
Hypertension Research. 33(5):386-393. 
 
Kramer C.K., Zinman B. and Retnakaran R. (2013) Are metabolically healthy overweight and obesity benign 
conditions? A systematic review and meta-analysis. Annals of Internal Medicine. 159:758-769. 
Krobot K., Hense H.W., Cremer P., Eberle E. and Keil U. (1992) Determinants of plasma fibrinogen: Relation to body 
weight, waist-to-hip ratio, smoking, alcohol, age, and sex. Results from the second MONICA Augsburg survey 
1989–1990. Arteriosclerosis Thrombosis and Vascular Biology. 12:780–788. 
Kuk J., Katzmarzyk P.T., Nichaman M.Z., Church T.S. et al (2012) Visceral fat is an independent predictor of all-cause 
mortality in men. Obesity. 14(2):336-341. 
Kullo I.J., Hensrud D.D. and Allison T.G. (2002) Comparison of numbers of circulating blood monocytes in men 
grouped by body mass index (<25, 25 to <30, > or =30). American Journal of Cardiology. 89:1441–1443. 
Laharrague P.F., Cambus J.P., Fillola G. and Corberand J.X. (1993) Plasma fibrinogen and physiological aging. Aging 
(Milano). 5:445–449.  
 
Lakka H., Laaksonen D.E., Lakka T.A., Niskanen L.K. et al (2002) The metabolic syndrome and total and 
cardiovascular disease mortality in middle-aged men. Journal of the American Medical Association. 288(21):2709-
2716. 
Langeberg C. and the InterAct Consortium (2012) Long-term risk of incident of type 2 diabetes and measures of 
overall and regional obesity: The EPIC-InterAct case-cohort study. PLoS Medicine. 9(6):e1001230. 
Langsted A., Freiberg J.J. and Nordestgaard B.G. (2008) Fasting and nonfasting lipid levels influence of normal food 
intake on lipids, lipoproteins, apolipoproteins and cardiovascular risk prediction. Circulation. 118:2047-2056. 
 189 
 
Lee
 
C.M.Y., Huxley R.R., Wildman
 
R.P. and Woodward
 
M. (2008) Indices of abdominal obesity are better 
discriminators of cardiovascular risk factors than BMI: A meta-analysis. Journal of Clinical Epidemiology. 
61(7):646-653. 
Lee D-C., Sui X., Church T.S., Lavie C.J. et al (2012) Changes in fitness and fatness on the development of 
cardiovascular disease risk factors: Hypertension, metabolic syndrome, and hypercho- lesterolemia. Journal of 
American College of Cardiology. 59(7):665e72. 
Lemieux S., Prud’homme D., Bouchard C., Tremblay A. and Despres J.P. (1993) Sex differences in the relation of 
visceral adipose tissue accumulation to total body fatness. American Journal of Clinical Nutrition. 58:463-467. 
Li Y., Meng L., Li Y. and Sato Y. (2014) Association of serum C-peptide level with body fat distribution and ever 
stroke in nondiabetic subjects. Journal of Stroke and Cerebrovascular Diseases. 23(3):e163-e169. 
Little R.R., Rohlfing C.l., Tennill A.L., Madsen R.W. et al (2008) Standardization of C-Peptide Measurements. Clinical 
Chemistry. 54:1023-1026. 
Lorenzo C., Gonzalez-Sanches J.L., Serrano-Rfos M., Martinez-Calatrava M.J., et al (2007) Is waist circumference as 
essential component of the metabolic syndrome?. Diabetes Care. 30(8):2141-2142. 
Lynch L.A., O’Connell J.M., Kwasnik A.K., Cawood T.J. et al (2009) Are natural killer cells protecting the 
metabolically healthy obese patients?. Obesity. 17(3):601-605. 
Ma J., Giovannucci E., Pollak M., Leavitt A., Tao Y., Gaziano J.M. and Stampfer M.J. (2004) A prospective study of 
plasma C-peptide and colorectal cancer risk in men. Journal of National Cancer Institute. 96(7):546-553. 
 
Mabry R.M., Reeves M.M., Eakin E.G. and Owen N. (2010a) Gender differences in prevalence of the metabolic 
syndrome in Gulf Cooperation Council Countries: A systematic review. Diabetic Medicine. 27(5):593-597. 
 
Mabry R.M., Reeves M.M., Eakin E.G. and Owen N. (2010b) Evidence of physical activity participation among men 
and women in the countries of the Gulf Cooperation Council: A review. Obesity reviews. 11:457-464. 
 
Macotela Y., Boucher J., Tran T.T. and Kahn C.R. (2009) Sex and depot differences in adipocyte insulin sensitivity 
and glucose metabolism. Diabetes. 58(4):803-812. 
Madsen E.L., Rissanen A., Bruun J.M., Skogstrand K. et al. (2008) Weight loss larger than 10% is needed for general 
improvement of levels of circulating adiponectin and markers of inflammation in obese subjects: A 3-year weight 
loss study. European Journal of Endocrinology. 158(2):179–187. 
Magkos F., Fabbrini E., Mohammed B.S., Petterson B.W. and Klein S. (2010) Increased whole-body adiposity 
without a concomitant increase in liver fat is not associated with augmented metabolic dysfunction. Obesity. 
18(8):1510-1515. 
Malik M. and Abdul Razig S. (2008) The prevalence of the metabolic syndrome among the multiethnic population 
of the United Arab Emirates: A report of a national survey. Metabolic Syndrome and Related Disorders. 6(3):177-
186. 
 
Mansfield M.W., Heywood D.M. and Grant P.J. (1996) Sex differences in coagulation and fibrinolysis in white 
subjects with non-insulin-dependent diabetes mellitus. Arteriosclerosis, Thrombosis, and Vascular Biology. 
16:160-164. 
 
Marin P., Andersson B., Ottosson M., Olbe L., et al (1992) The morphology and metabolism of intraabdominal 
adipose tissue in men. Metabolism. 41:1242–1248. 
 190 
Marini M.A., Frontoni S., Succurro E., Arturi F. et al (2014) Difference in insulin clearance between metabolically 
healthy and unhealthy obese subjects. Acta Diabetologica. 51:257-261. 
Marx N., Silbernagel G., Brandenburg V., Burgmaier M. et al (2013) C-peptide levels are associated with the 
mortality and cardiovascular mortality in patients undergoing angiography: The LURIC Study. Diabetes Care. 
36:708-714. 
Matsuzawa Y., Funahashi T. and Nakamura T. (2001) The concept of metabolic syndrome: Contribution of visceral 
fact accumulation and its molecular mechanism. Journal of Atherosclerosis and Thrombosis. 18(8):178-182. 
Matthews D.R., Hosker J.P., Rudenski A.S., Naylor B.A. et al (1985) Homeostasis model assessment: Insulin 
resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia. 
28:412-419. 
Mayer E.J., Newman B., Austin M.A., Zhang D. et al (1996) Genetic and environmental influences on insulin levels 
and the insulin resistance syndrome: An analysis of women twins. American Journal of Epidemiology. 143:323-32. 
 
McCarty M.F. (1999) Interleukin-6 as a central mediator of cardiovascular risk associated with chronic 
inflammation, smoking, diabetes, and visceral obesity: Down-regulation with essential fatty acids, ethanol and 
pentoxifylline. Medical Hypotheses. 52:465–77. 
McLaughlin T., Sherman A., Tsao P., Gonzalez O. et al (2007) Enhanced pro-portion of small adipose cells in insulin-
resistant vs insulin-sensitive obese individuals implicates impaired adipogenesis. Diabetologia. 50(8):1707-1715. 
McPherson R.A. and Pincus M.R. (2007) Henry’s clinical diagnosis and management by laboratory methods. 21
st
 
edition. Philadelphia: Sunders. [In: Nguyen X.T., Lane J. and Smith B.R. (2009) Changes in inflammatory 
biomarkers across weight classes in a representative US population: A link between obesity and inflammation. 
Journal of Gastrointestinal Surgery. 13:1205-1212.] 
McQuigg M., Brown J.E., Broom J., Laws R.A. et al (2008) The Counterweight programme: Prevalence of CVD risk 
factors by body mass index and the impact of 10% weight change. Obesity Research and Clinical Practice. 2:15-
27. 
Meigs J.B., Wilson P.W.F., Fox C.S., Vasan R.S. et al (2006) Body mass index, metabolic syndrome and risk of type 2 
diabetes or cardiovascular disease. Journal of Clinical Endocrinology and Metabolism. 91:2906-2912. 
Memish Z.A., El Bcheraoui C., Tuffaha M., Robinon M. et al (2014) Obesity and associated factors-Kingdom of Saudi 
Arabia, 2013. Preventing Chronic Disease: Public Health Research, Practice and Policy. 11:E174. 
 
Messier V., Karelis A.D., Robillard M.E., Bellefeuille P. et al (2010) Metabolically healthy but obese individuals: 
Relationship with hepatic enzymes. Metabolism. 59:20-24. 
 Ministry of Development Planining and Statistics (2015) Population structure [WWWW] <URL: 
http://www.qsa.gov.qa/eng/index.htm > [Accessed on 13th of August 2015]. 
Missov R.M., Stolk R.P., van der Bom J.G., Hofman A. et al. (1996) Plasma fibrinogen in NIDDM: The Rotterdam 
Study. Diabetes Care. 19:157–159.  
Mitchell B.D., Zaccaro D., Wagenknecht L.E., Scherzinger L. et al (2004) Insulin sensitivity, body fat distribution and 
family diabetes history: The IRAS Family Study. Obesity Research. 12(5):831-839. 
Moebus S., Gores L., Losch C. and Jockel K-H. (2011) Impact of time since last caloric intake on blood glucose levels. 
European Journal of Epidemiology. 26:719-728. 
Mohamed-Ali V., Goodrick S., Rawesh A., Katz D.R. et al. (1997) Human subcuta- neous adipose tissue secretes 
interleukin-6 but not TNF-a in vivo. Journal of Clinical Endocrinology and Metabolism. 82:4196-4200.  
 191 
Molero-Conejo E., Morales L.M., Fernandez V., Raleigh X. et al (2003) Lean adolescents with increased risk for 
metabolic syndrome. Archivos Latinoamericanos de Nutrición. 53:PMID3553221.  [In: Conus F., Rabasa-Lhoret R. 
and Peronnet F. (2007) Characteristics of metabolically obese normal-weight (MONW) subjects. Applied 
Physiology, Nutrition and Metabolism. 32:4-12.] 
Moller D.E. and Flier J.S. (1991) Insulin resistance- mechanisms, syndromes, and implications. The New England 
Journal of Medicine. 325(13):938-948. 
 
Monteiro C.A., Moura E.C., Conde W.L. and Popkin B.M. (2004) Public health reviews socioeconomic status and 
obesity in adult populations of developing countries: A review. Bulletin of the World Health Organization. 
82(12):940-946. 
 
Muniyappa R., Lee S., Chen H. and Quon M.J. (2008) Current approaches for assessing insulin sensitivity and 
resistance in vivo: Advantages, limitations, and appropriate usage. American Journal of Physiology, Endocrinology 
and Metabolism. 294(1):E15-26. 
 
Musaiger A.O. (2011) Overweight and obesity in Eastern Mediterranean region: Prevalence and possible causes. 
Journal of Obesity. 2011: 407237. 
Musallam M., Bener A., Zirie M., Al-Gaud Y. et al (2008) Metabolic syndrome and its components among Qatar 
population. International Journal of Food and Safety, Nutrition and Public Health. 1(1):88-102. (Abstract) 
Muscelli E., Camastra S., Gastaldelli A., Natali A. et al (1998) Influence of duration of obesity on the insulin 
resistance of obese non-diabetic patients. International Journal Obesity and Related Metabolic Disorders. 22:262-
267. 
Nakajima K. and Suwa K. (2014) Excess body weight affects HbA1c progression irrespectively of baseline HbA1c 
level in Japanese individuals: A longitudinal retrospective study. Endocrine Research. Early online:1-7. 
Nakashima K., Nishizaki O. and Andoh Y. (1993) Acceleration of hemoglobin glycation with aging. Clinica Chimica 
Acta. 215(1):111-8. [In: Pani L.N., Korenda L., Meigs J.B., Driver C., et al (2008) Effect of aging on A1C levels in 
individuals without diabetes. Diabetes Care. 31(10):1991-1996.] 
 
Nesto R.W. (2003) The relation of insulin resistance syndromes to risk of cardiovascular disease. Reviews in 
Cardiovascular Medicine. 4(Suppl): S11-S18. 
Neymotion F., and Sen U. (2010) Iron and obesity in females in the United States. Obesity. 19(1):191-199. 
Ng S.W., Zaghloul S., Ali H.I., Harrison G. and Popkin B.M. (2011) The prevalence and trends of overweight, obesity, 
and nutritional related non-communicable disease in the Arabian Gulf States. Obesity Reviews. 12(1):1-13.
 
Ng M., Fleming T., Robinson M. et al (2014) Global, regional and national prevalence of overweight and obesity in 
children and adults during 1980-2013: A systematic analysis for the global burden of diseases study 2013. Lancet. 
384(9945):766-781. 
Nguyen X-M.T., Lane J. Smith B.R. and Nguyen N.T. (2009) Changes in inflammatory biomarkers across weight 
classes in a representative US population: A link between obesity and inflammation. Journal of Gastrointestinal 
Surgery. 13:1205-1212.  
Oflaz H., Ozbey N., Manter F., Genchellac H. et al (2003) Determination of endothelial function and early 
atherosclerosis changes in healthy obese women. Diabetes Nutrition and Metabolism. 16:176-181.  
Ogden C.L., Carroll M.D., Curtin L.R., McDowell M.A., Tabak C.J. and Flegal K.M. (2006) The prevalence of 
overweight and obesity in the United States, 1999-2004. Journal of the American Medical Association. 295:1549-
1555. 
 
 192 
Ogden C.L., Yanovski S.Z., Carroll M.D. and Flegal K.M. (2007) The epidemiology of obesity. Gastroenterology. 
132:1087-2102. 
 
Okorodudu D.O., Jumean M.F., Montori V.M., Romero-Corral A. et al. (2010) Diagnostic performance of body mass 
index to identify obesity as defined by body adiposity: A systematic review and meta-analysis. International 
Journal of Obesity (London). 34:791-799. 
 
Ong K.L., Cheung B.M.Y., Man Y.B.M., Lau C.P. and Lam K.S.L. (2007) Prevalence, awareness, treatment and control 
of hypertension among United States Adults 1999-2004. Hypertension. 49:69-75. 
Pani L.N., Korenda L., Meigs J.B., Driver C. et al (2008) Effect of aging on A1C levels in individuals without diabetes. 
Diabetes Care. 31(10):1991-1996. 
 
Park K.S., Rhee B.D., Lee K.U., Kim S.Y., et al (1991) Intra-abdominal fat is associated with decreased insulin 
sensitivity in healthy young men. Metabolism. 40:600–603. 
Pataky P., Bobbioni-Harsch E. and Golay A. (2010) Open question about metabolically normal obesity. International 
Journal of Obesity. 34(suppl.2):S18-S23. 
 
Patti M.E., Kahn C.R. (1996) Lessons from transgenic knockout animals about non-insulin-dependent diabetes 
mellitus. Trends in Epidemiology and Metabolism. 7:311-319. [In: Kahn B.B. and Flier J.S. (2000) Obesity and 
insulin resistance. The Journal of Clinical Investigations. 106(4):473-480.] 
Peter A., Kantartzis K., Machann J., Schick F. et al (2010) Relationships of circulating sex hormone-binding globulin 
with metabolic traits in human. Diabetes. 59:3167-3173. 
Petersen K.F., Befroy D., Dufour S., Dziura J. et al (2003) Mitochondrial dysfunction in the elderly: Possible role in 
insulin resistance. Science. 300(5622):1140-1142. 
Phear D. and Stirland R.  (1957) The value of estimating fibrinogen and C-reactive protein levels in myocardial 
ischemia. Lancet. 2:270-275. [In: Ernst E. and Resch K.L. (1993) Fibrinogen as a cardiovascular risk factor: A meta-
analysis and review of the literature. Annals of Internal Medicine. 118:956-963.] 
Phillips C.M. and Perry I.J. (2013) Does inflammation determine metabolic health status in obese and nonobese 
adults?. Journal of Clinical Endocrinology and Metabolism. 98(10):E1610-1619. 
Phillips C.M., Tierney A.C., Perez-Martines P., Defoort C. et al (2013a) Obesity and body fat classification in the 
metabolic syndrome: Impact on cardiometabolic risk metabotype. Obesity. 21:E154-E161. 
Phillips C.M., Dillon C., Harrington J.M., McCarthy V.J.C. et al (2013b) Defining metabolically healthy obesity: Role 
of dietary and lifestyle factors. PLOS ONE. 8(10):e76188. 
 
Pischon T., Boeing H., Weikert S., Allen N., Key T., Johnsen N.F. et al (2008) Body size and risk of prostate cancer in 
the European prospective investigation into cancer and nutrition. Cancer Epidemiology Biomarkers Preview. 
17(11):3252-3261. 
 
Pischon T., Boeing H., Hoffman K., Bergmann M. et al (2010) General and abdominal adiposity and risk of death in 
Europe. The New England Journal of Medicine. 359:2105-2120. 
Polonsky K.S., Licino-Paixao J., Given B.D., Pugh W. et al (1986) Use of biosynthetic human C-peptide in the 
measurement of insulin secretion rates in normal volunteers and type1 diabetic patients. The American Society 
for Clinical Investigation. 77:98-105. 
Porte D. Jr. and Kahn S.E. (2001) β-cell dysfunction and failure in type 2 diabetes: Potential mechanisms. Diabetes. 
50(Suppl.1):S160-S163. 
 193 
Pouliou T. and Elliott S.J. (2010) Individual and socio-environmental determinants of overweight and obesity in 
Urban Canada. Health and Place. 16:389-398. 
 
Pradhan A.D., Manson J.E, Rifai N., Buring J.E. and Ridlkes P.M. (2001) C-reactive protein, Interleukin 6, and risk of 
developing type 2 diabetes mellitus. The Journal of the American Medical Association. 286:327-334. 
Primeau V., Coderre L., Karelis A.D., Brochu M. et al (2011) Characterizing the profile of obese patients who are 
metabolically healthy. International Journal of Obesity. 35:971-981. 
Prisco D., Fedi S., Brunelli T., Cellai A.P. et al. (1996) Fibrinogen and factor VII in healthy adolescents: The Floren-
teen (Florence teenager) Study. Thrombosis and Haemostasis. 75(5):778–781.  
 
Purkins L., Love E.R., Eve M.D., Wooldridge C.L. et al (2004) The influence of diet upon liver function tests and 
serum lipids in healthy male volunteers resident in a phase I unit. British Journal of Clinical Pharmacology. 
57(2):199-208. 
Radaelli T., Farrel K.A., Huston-Presley L., Amini S.B., Kirwan J.P and C.P.M. (2010) Estimates of insulin sensitivity 
using glucose and C-Peptide from the hyperglycemia and adverse pregnancy outcome glucose tolerance test. 
Diabetes Care. 33(3):490–494.  
Reeves G.K., Pirie K., Beral V., Green J. et al (2007) Cancer incidence and mortality in relation to body mass index in 
the Million Women Study: Cohort study. British Medical Journal. 335:1134. 
Rennie K.L. and Jebb S.A. (2005) Prevalence of obesity in Great Britain. Obesity Reviews. 6:11-12. 
Rim E.B., Stampfer M.J., Giovannucci E., Ascherio A. et al (1995) Body size and fat distribution as predictors of 
coronary heart disease among middle-aged and older US men. American Journal of Epidemiology. 141:1117-
1127. 
Rochlani Y., Venkata N. and Mehta J. (2015) Metabolic syndrome: Dose it differ between women and men?. 
Cardiovascular Drugs and Therapy. Published online.  
Ronti T., Lupattelli G. and Mannarino E. (2006) The endocrine function of adipose tissue: An update. Clinical 
Endocrinology. 64(4):355–365.  
Rosen E.D. and Spiegelman B.M. (2006) Adipocytes are regulators of energy balance and glucose homeostasis. 
Nature. 444(7121):847-853. 
Ruderman N.B., Schneider S. and Berchtold P. (1981) The “metabolically-obese,” normal-weight individual. The 
American Journal of Clinical Nutrition. 34:1617-1621. 
Rutter M.K., Meigs J.B., Sullivan L.M., D’Agostino R.B. et al (2005) Insulin resistance, the metabolic syndrome, and 
incident cardiovascular events in the Framingham offspring Study. Diabetes. 54:3252-3257. 
Ryder E., Diez-Ewald M., Mosquera J., Fernandez E. et al (2014) Association of obesity with leukocyte count in 
obese individuals without metabolic syndrome. Diabetes & Metabolic Syndrome: Clinical Research and Reviews. 
8(2014):197-204. 
Samocha-Bonet D., Justo D., Rogowski O. Saar N. et al (2008) Platelet count and platelet activation markers in 
obese subjects. Mediators of Inflammation. 2008 (D834153). 
Samocha-Bonet D., Dixi V.D., Kahn C.R., Leibel R.L. et al (2014) Metabolically healthy and unhealthy obese- the 
2013 Stock Conference report. Obesity reviews. 15(9):697-708. 
 
Samson S.L. and Garber A.J, (2014) Metabolic syndrome. Endocrinology and Metabolism Clinics of North America. 
 194 
43(1):1-23. 
Saydah S.H., Platz  E.A., Rifai N., Pollak  M.N. et al (2003) Association of markers of insulin and glucose control with 
subsequent colorectal cancer risk. Cancer Epidemiology Biomarkers and Prevention. 12(5):412-418. 
Seidell J.C. (1997) Time trends in obesity: An epidemiological perspective. Hormone and Metabolic Research. 
29(4):155-158. 
 
Selvin E., Crainiceanu C.M., Brancati F.L. and Coresh J. (2007) Short-term variability in measures of glycaemia and 
implications for the classification of diabetes. Archives in Internal Medicine. 167:1545-1551. 
Selvin E., Steffes M.W., Zhu H., Matsushita K. et al (2010) Glycated hemoglobin diabetes, and cardiovascular risk in 
non-diabetic adults. The New England Journal of Medicine. 362(9):800-811. 
 
Seppala-Lindroos A., Vehkavaara S., Hakkinen A.M., Goto T.  et al (2002) Fat accumulation in the liver is associated 
with defects in insulin suppression of glucose production and serum free fatty acids independent of obesity in 
normal men. Journal of Clinical Endocrinology and Metabolism. 87:3023–3028. 
 
Sesti G. (2006) Pathophysiology of insulin resistance. Best Practice and Research Clinical Endocrinology and 
Metabolism. 20(4):665-679. 
 
Shin M-J., Hyun Y.J., Kim O.Y., Kimma J.Y. et al (2006) Weight loss effect on inflammation and LDL oxidation in 
metabolically healthy but obese (MHO) individuals: Low inflammation and LDL oxidation in MHO women. 
International Journal of Obesity. 30:1529-1534. 
Shuval K., Finley C.E., Barlow C.E., Gabriel K.P. et al (2014) Sedentary behavior, cardiorespiratory fitness, physical 
activity, and cardiometabolic risk in men: The Cooper Center longitudinal Study. Mayo Clinic Proceedings. 
89(8):1052-1062. 
Sims E.A. (1982) Characterization of the syndromes of obesity, diabetes mellitus and obesity. Baltimore, London: 
Williams & Wilkins. [In: Karelis A.D., St-Pierre D.H., Conus F., Rabasa-Lhoret R. and Poehlman E.T. (2004) 
Metabolic and body composition factors of obesity: What do we know?. The Journal of Clinical Endocrinology and 
Metabolism.  89(6):2569-2575.] 
 
Singh B. and Saxena A. (2010) Surrogate markers of insulin resistance: A review. World Journal of Diabetes. 1(2):36-
47. 
Snehalatha C., Viswanathan V. and Ramachandran A. (2003) Cutoff values for the normal anthropometric variables 
in Asian Indian adults. Diabetes Care, 26:1380-1384. 
Sobel M.E. (1986) Some new results on indirect effects and their standard errors in covariance structure models. 
Sociological Methodology. 16:159-186. 
St-Onge M.P., Janssen I. and Heymsfield S.B. (2004) Metabolic syndrome in normal-weight Americans: New 
definition of the metabolically obese normal-weight individual. Debates Care. 27:2222-2228. 
 
St-Pierre A.C., Cantin B. and Maurie`geetal P. (2005) Insulin resistance syndrome, body mass index and the risk of 
ischemic heart disease. Canadian Medical Association Journal. 172(10):1301–1305. 
Stefan N., Kantartzis K., Machann J., Schick F. et al (2008) Identification and characterization of metabolically 
benign obesity in humans. Archives of Internal Medicine. 168:1609-1616. 
 
Succurro E., Marini M.A., Frontoni S., Hribal M.L. et al (2008) Insulin secretion in metabolically obese but normal 
weight, and in metabolically healthy but obese individuals. Obesity. 16:1881-1886. 
 195 
Sundvall J., Leiviska J., Laatinkainen T., Peltonen M. et al (2011) The use of fasting vs non-fasting triglyceride 
concentration for estimating the prevalence of the high LDL-cholesterol and metabolic syndrome in population 
surveys. Medical Research Methodology. 11:63. 
 
Supreme Council of Health (2010) Qatar National Health Strategy 2011-2016. Doha, Qatar: Supreme Council of 
Health. 
 
Svartberg J., von Muhlen D., Sundsfjord J. and Jorde R. (2004) Waist circumference and testosterone levels in 
community dwelling men: The Tromso Study. European Journal of Epidemiology. 19(7):657-663. 
Syrjala A.M., Yiostalo P., Niskanen M.C and Hnuuttila M.L. (2003) Role of smoking and HbA1c level in periodontitis 
among insulin dependent diabetic patients. Journal of Periodontal. 10:871-875. [In: Higgins T. (2012) HbA1c for 
screening and diagnosis of diabetes mellitus. Endocrine. 43(2):266-273.] 
Tabak A.G., Herder C., Rathmann W., Brunner E.J. and Kivimaki M. (2012) Prediabetes: A high-risk state for 
diabetes development. Lancet. 397:2279-2290. 
Tarallo P., Henny J., Gueguen R. and Siest G. (1992) Reference limits of plasma fibrinogen. European Journal of 
Clinical Chemistry and Clinical Biochemistry. 30:745–751.  
 
Thaler J. P. and Schwartz M. W. (2010). Minireview: Inflammation and obesity pathogenesis: The hypothalamus 
heats up. Endocrinology. 151(9):4109-4115. 
Thaman R.G. and Arora G.P. (2013) Metabolic syndrome: Definition and pathophysiology-the discussion goes on!. 
Journal of Physiology and Pharmaceutical Advances. 3(3):48-56. 
The DECODE Study Group (2008) Does the constellation of risk factors with and without abdominal adiposity 
associate with different cardiovascular mortality risk?. International Journal of Obesity (London). 32(5):757-762.  
The Diverse Population Collaboration (2004) Smoking body weight and CHD mortality in diverse populations. 
Preventive Medicine. 38(6):834-840. 
 
The Emerging Risk Factors Collaboration (2011) Separate and combined association of body-mass index and 
abdominal adiposity with cardiovascular disease: collaborative analysis of 58 prospective studies. Lancet. 
377:1085-1095. 
The International Physical Activity Questionnaire group (2005) Guideline for data processing and analysis of the 
International Physical Activity Questionnaire (IPAQ)- short and long format. [WWW]<URL: 
https://sites.google.com/site/theipaq/scoring-protocol> [Accessed in 24 August 2015]. 
Tilg H. and Kaser A. (2011) Gut microbiome, obesity and metabolic dysfunction. The Journal of Clinical 
Investigation. 121(6):2126-2132. 
Trayhurn P. and Beattie J.H. (2001) Physiological role of adipose tissue: White adipose tissue as an endocrine and 
secretory organ. Proceedings of the Nutrition Society. 60:329-339. 
Tucker K.L., Rich S., Rosenberg I., Jacques P. et al (2000) Plasma vitamin B-12 concentrations relate to intake source 
in the Framingham Offspring Study 1’2’3. American Journal for Clinical Nutrition. 71(2):514-522. 
Turnbaugh P.J., Ley R.E., Mahowald M.A., Magrini V., et al (2006) An obesity-associated gut microbiome with 
increased capacity for energy harvest. Nature. 444(7122):1027–1031.  
Turnbaugh P.J., Ley R.E., Hamady M., Fraser-Liggett C.M. et al (2007) The human microbiome project. Nature. 
449(7164):804–810.  
 196 
Turnbaugh P.J. and Gordon J.I. (2009) The core gut micro-biome, energy balance and obesity. Journal of 
Physiology. 587(17):4153–4158. 
UK Biobank (2007) UK Biobank: Protocol for a large-scale prospective epidemiological resource: Protocol No: 
UKBB-PROT-09-06 (Main Phase). [WWW]<URL: http://www.ukbiobank.ac.uk/wp-content/uploads/2011/11/UK-
Biobank-Protocol.pdf> [ Accessed in 24 August 2015]. 
Vasic D. and Walcher D. (2012) Proinflammatory effects of C-peptide in different tissues. International Journal of 
Inflammation. 2012: 932725. 
 
Velho S., Paccuad F., Waeber G., Vollenweider P. and Marques-Vidal P. (2010) Metabolically healthy obesity: 
Different prevalences using different criteria. European Journal of Clinical Nutrition. 64:1043-1051. 
 
Verheus M. Peeters, P.H.M., Rinaldi S., Dossus L. et al (2006) Serum C-peptide levels and breast cancer risk: Results 
from the European Prospective Investigation into Cancer and Nutrition (EPIC). International Journal of Cancer. 
119:659-667. 
 
Visser M. Kritchevsky S.B., Newman A.B., Goodpaster B.H. et al (2005) Lower serum albumin concentration and 
change in muscle mass: The Health, Aging and Body composition Study. American Journal of Clinical Nutrition. 
82(3):531-537. 
Wajchenberg B.L. (2000) Subcutaneous and visceral adipose tissue: Their relation to the metabolic syndrome. 
Endocrine Review. 21:697-738. 
Wannamethee S.G., Shaper A.G., Lennon L. and Morris R.W. (2005) Metabolic syndrome vs Framingham risk score 
for prediction of coronary heart disease, stroke and type 2 diabetes mellitus. Archives of Internal Medicine. 
165:2644-2650. 
Webber M., Krishnan A., Thomas N.G. and Cheung B.M.Y. (2010) Association between serum alkaline phosphatase 
and C-reactive protein in the United Stated National Health and Nutrition Examination Survey 2005-2006. Clinical 
Chemistry and Laboratory Medicine. 48(2):167-173. (Abstract) 
Wei M., Gaskill S.P., Haffner S.M. and Stern M.P. (1997) Waist circumference as the best predictor of noninsulin 
dependent diabetes mellitus (NIDDM) compared to body mass index, waist/hip ratio and other anthropometric 
measurements in Mexican Americans - a 7-year prospective study. Obesity Research. 5(1):16-23. 
Weill Cornell Medical College-Qatar (2012) WCMC-Q launches ambitious five-year health campaign. Qatar. Office 
of Public Affairs. Weil Cornell Medical College in Qatar. 
Wellen K.E. and Hotamisligil G.S. (2005) Inflammation, stress, and diabetes. Journal of Clinical Investigation. 
115:1111–1119. 
Whitlock G. and the Prospective Studies Collaboration (2009) Body-mass index and cause-specific mortality in 900 
000 adults: Collaborative analyses of 57 prospective studies. Lancet. 373:1083-1096. 
WHO expert consultation (2004) Appropriate body-mass index for Asian populations and its implications for policy 
and intervention strategies. Lancet. 363:157-163. 
Wildman R.P., Muntner P., Reynolds K., McGinn A.P. et al (2008) The obese without cardiometabolic risk factor 
clustering and the normal weight with cardiometabolic risk factor clustering- Prevalence and correlates of 2 types 
among the US population (NHANES 1999-2004). Archives of Internal Medicine. 168: 1617-1624. 
Wilson P.W. and Meigs J.B. (2008) Cardiometabolic risk: A Framingham perspective. International  Journal of 
Obesity (London). 32(Suppl.2):S17–S20. 
 
Wisse B. E. (2004) The inflammatory syndrome: The role of adipose tissue cytokines in metabolic disorders linked 
to obesity. Journal of American Society of Nephrology. 15:2792–2800. 
 197 
World Cancer Research Fund / American Institute for Cancer Research (2007) Food, Nutrition, Physical Activity, and 
the Prevention of Cancer: A Global Perspective. Washington DC: AICR. 
World Cancer Research Fund / American Institute for Cancer Research (2011) Colorectal Cancer 2011 Report: Food, 
Nutrition, Physical Activity, and the Prevention of Colorectal Cancer: A Global Perspective. [WWW] <URL: 
http://www.wcrf.org/sites/default/files/Colorectal-Cancer-2011-Report.pdf > [Accessed in 29th December 2015] 
World Cancer Research Fund International/American Institute for Cancer Research (2014) Continuous Update 
Project Report: Diet, Nutrition, Physical Activity, and Prostate Cancer. Washington DC: AICR. [WWW] <URL: 
www.wcrf.org/sites/default/files/Prostate-Cancer-2014-Report.pdf > [Accessed in 1st June 2015] 
World Health Organization (1999) Definition, diagnosis, and classification of diabetes mellitus and it complications 
Report of the WHO Consultation. Geneva: World Health Organization. 
World Health Organization (2000) Obesity: Preventing and managing the global epidemic: Report of the WHO 
Consultation (WHO Technical Report Series 894). Geneva: Media Centre, World Health Organization. 
World Health Organization (2008a) Waist circumference and Waist-Hip ratio: report of WHO Expert Consultation, 
Geneva: World Health Organization. 
World Health Organization (2008b) Global health observatory data repository: Raised total cholesterol (≥5.0 
mmol/L) data by country. [WWW] <URL: http://apps.who.int/gho/data/node.main.A884?lang=en> [Accessed in 
27 December 2015]. 
 
World Health Organization (2011a) Noncommunicable diseases country profiles 2011. Geneva: World Health 
Organization. 
World Health Organization (2011b) Use of glycated haemoglobin (HbA1c) in diagnosis of diabetes mellitus: 
Abbreviated report of a WHO consultation. Geneva: World Health Organization. 
World Health Organization (2014) Global health observatory data repository: Raised blood pressure (SBP≥140 or 
DBP≥90) data by country. [WWW] <URL: http://apps.who.int/gho/data/node.main.A875?lang=en> [Accessed in 
27 December 2015]. 
 
World Health Organization (2015) Obesity and overweight: Fact sheet number 311. Geneva: Media Centre, World 
Health Organization. 
Wormser D. and the Emerging Rick Factors Collaboration (2011) Separate and combined associations of body-mass 
index and abdominal adiposity with cardiovascular disease: Collaborative analysis of 58 prospective studies. 
Lancet. 377:1085-1095. 
 
Yang Y-C., Lu F-H., Wu J-S. and Chang C-J. (1997) Age and sex effects on HbA1c: A study in a healthy Chinese 
population. Diabetes Care. 90(6):988-991. 
Ye J. (2013) Mechanisms of insulin resistance in obesity. Frontiers in Medicine. 7(1):14-24. 
Yip J., Facchini F.S. and Reaven G.M. (1998) Resistance to insulin-mediated glucose disposal as a predictor of 
cardiovascular disease. The Journal of Clinical Endocrinology and Metabolism. 83(8):2773-2776. 
 
Yoo H.K., Choi E.Y., Park E.W. Cheong Y-S. and Bae R.A. (2013) Comparison of metabolic characteristics of 
metabolically healthy but obese (MHO) middle-aged men according to different criteria. Korean Journal of Family 
Medicine.34:19-26. 
 
Yoshida D., Toyomura K., Fujumoto J., Ueda N. et al (2009) Waist circumference, body mass index and glycated 
hemoglobin in Japanese. Diabetes and Metabolic Syndrome: Clinical Research and Reviews. 3:7-11. 
 198 
Yudkin J.S., Kumari M., Humphries S.E. and Mohamed-Ali V. (2000) Inflammation, obesity, stress and coronary 
heart disease: Is interleukin-6 the link?. Atherosclerosis. 148:209-214. 
 
Yusuf S., Hawken S., Ounpuu S., Bautista L. et al (2005) Obesity and the risk of myocardial infarction in 27,000 
participants from 52 countries: A case control study. Lancet. 366(9497):1640–1649. 
 
Zabetian A., Hadaegh F. and Azizi F. (2007) Prevalence of metabolic syndrome in Iranian adult population, 
concordance between the IDF with the ATPIII and the WHO definitions. Diabetes Research and Clinical Practice. 
77:251-257. 
Zaghloul S., Al-Hooti S.N., Al-Hamad N., Al-Zenki S. et al. (2013) Evidence for nutrition transition in Kuwait: Over-
consumption of macronutrients and obesity. Public Health Nutrition. 16(4):596–607. 
 
Zemel M.B., Shi H., Greer B., DiRienzo D. and Zemel P.C. (2000) Regulation of adiposity by dietary calcium. Journal 
of the Federation of American Societies for Experimental Biology. 14(9):1132-1138. 
Zhang X., Gregg E.W., Williamson D.F., Barker L.E. et al (2010) A1C level and future risk of diabetes: A systematic 
review. Diabetes Care. 33(7):1665-1673. 
Ziemer D.C., Kolm O., Weintraub W.S., Vaccarino V. et al (2010) Glucose-independent, Black-White differences in 
hemoglobin A1c levels. Annals of International Medicine. 152:770-777. 
Zimmet P., Alberti K.G. and Shaw J. (2001) Global and social implication of the diabetes epidemic. Nature. 414:782-
87. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 199 
Appendices 
 
Appendix I  
 Qatar Biobank facility pictures.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The RFID CARD 
The examination room 
The iDEXA scanner 
The fitness measurement device 
Qatar Biobank laboratory  
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Appendix II 
 Participants’ consent form used in Qatar Biobank. 
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Appendix III 
 
 Example of the Qatar Biobank health report. 
(A) Blood tests result. 
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(B) iDEXA scan result. 
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(C).  Physical measurements result. 
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Appendix IV 
 
 Qatar Biobank general and nurse interview questionnaires. (Please note that only 
questions related to the current study is states below).   
 
General questionnaire 
 
D2 Please check the following information about yourself carefully as it will be used to decide what 
questions you are asked: 
Gender:                Male 
                              Female 
Date of Birth:      Day / Month / Year  
Marital status:    Single 
                              Married 
                              Divorced/separated 
                             Widow/ widower 
 
D18 What is the highest level of education that you have completed? 
o Did not attend or complete primary school 
o Primary school 
o Secondary school 
o Technical or professional school (but less than University) 
o University 
o Postgraduate degree 
o None of the above 
o Prefer not to answer 
 
D10 During the last 12 months, what has been your employment status? 
o In paid employment 
o Self employed 
o Business / Company Owner 
o Retired 
o Housewife 
o Unemployed 
o Student or trainee 
o None of the above 
o Prefer not to answer 
 
PA20 Please tell us about the physical activities that you did in the last 7 days for at least 10 minutes solely 
for recreation, sport, exercise, or leisure.  Indicate the total number of days, and the average amount of 
time spent in that activity per day. 
  Walking 
o None  
o Days per week [?] 
o Time Spent [?] hours, minutes [?]  
o Do not know 
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o Prefer not to answer 
 
 Heavy sport activities (examples are running, fast bicycling, fast swimming, aerobics, weight 
lifting, single tennis, football) 
o None  
o Days per week [? ]  
o Time Spent [? ] hours , minutes [?] 
o Do not know 
o Prefer not to answer 
 
 Moderate physical activities (examples are swimming or  bicycling at regular pace, Pilates, yoga, 
double tennis, gym) 
o None  
o Days per week [?] 
o Time Spent [?] hours , minutes [?]  
o Do not know 
o Prefer not to answer 
 
INTRO6W-
OMEN 
Next are some questions about smoking tobacco and smoking the Water pipe (shisha). It is important 
to know about the smoking habits of people around you because it can influence your health. For each 
question, you have the option to indicate “Prefer not to answer”. Please indicate which of the 
following sections you would like to proceed to: 
o All questions on smoking 
o Only questions on Water pipe (shisha) 
o Only questions about time spent among others who smoke 
o Prefer not to answer any questions about smoking 
 
S1 Do you currently smoke? (Questions on Water pipe (shisha) will be asked in a subsequent section) 
o No, have never smoked 
o Yes, on most or all days 
o Yes, only occasionally 
o No, stopped smoking 
o No, just have tried once or twice 
o Prefer not to answer 
 
CO2 Before marriage, what was the family relationship between your father and your mother? 
o None 
o Double first cousin 
o First cousin 
o Second cousin 
o Less than second cousin 
o Do not know 
o Prefer not to answer 
Note: Double first cousins are the children from marriages where two 
siblings of one family reproduce with two siblings of another family; double 
first cousins have the same sets of grandparents in common. First cousins 
are the offspring’s of two siblings who have married two unrelated 
individuals; first cousins share one set of grandparents in common. Two 
individuals are second cousins when one individual’s grandparent is the 
sibling of the other individual’s grandparent. Double-first cousin have 
higher degree of consanguinity than first cousins, and first cousin have 
higher degree of consanguinity than second cousins.  
 
H1 In general how would you rate your overall health? 
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o Excellent 
o Good 
o Fair 
o Poor 
o Prefer not to answer 
 
OP1 Has a doctor ever told you that you had or have diabetes? 
o No 
o Yes 
o Prefer not to answer 
 
OP1C Are you being treated for your diabetes? (you can select more than one answer) 
o Diet 
o Increase physical activity 
o Tablets 
o Insulin 
o No 
o Prefer not to answer 
OP2 Has a doctor ever told you that you have or had high cholesterol? 
o No 
o Yes 
o Do not remember 
o Prefer not to answer 
 
OP2B Are you being treated for high cholesterol? 
o No 
o Diet only 
o Tablets only 
o Diet and tablets 
o Prefer not to answer 
 
OP3 Has a doctor ever told you that you have or had high blood pressure? 
o No 
o Yes 
o Prefer not to answer 
 
OP3B Are you being treated for high blood pressure? 
o No 
o Diet only 
o Tablets only 
o Diet and tablets 
o Prefer not to answer 
 
OP4 Has a doctor ever told you that you have or had any of the following conditions? (You can select more 
than one answer) 
o No 
o Heart attack 
o Angina 
o Stroke 
o Emphysema/chronic bronchitis 
o Asthma 
o Hay fever, allergic rhinitis or eczema 
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o Blood clot in the leg (deep vein thrombosis) 
o Other diseases 
o Prefer not to answer 
 
 
Nurse interview questionnaire  
 
ADMIN03
0 
How would you best describe yourself? 
o Ethnicity: [?] ( options are limited to Qatari (Arab), Other Arab, 
Iranian, Pakistani, Indian, Nepal, Filipino, European origin and 
others) 
o Prefer not to answer 
 
ADMIN01
6 
Has/did your father ever suffer from? (You can select more than one answer) 
o High blood pressure 
o Heart disease 
o Stroke 
o Diabetes 
o Overweight/obesity 
o Asthma 
o Chronic bronchitis/ emphysema 
o Parkinson’s disease 
o Alzheimer’s disease/senile dementia 
o Severe depression 
o Lung cancer 
o Bowel cancer 
o Prostate cancer 
o Stomach cancer 
o Oesophageal cancer 
o Cancer not mentioned above 
o None of the above 
o Do not know 
o Prefer not to answer 
 
ADMIN02
1 
Has/did your mother ever suffer from? (You can select more than one answer) 
o High blood pressure 
o Heart disease 
o Stroke 
o Diabetes 
o Overweight/obesity 
o Asthma 
o Chronic bronchitis/ emphysema 
o Parkinson’s disease 
o Alzheimer’s disease/senile dementia 
o Severe depression 
o Lung cancer 
o Bowel cancer 
o Prostate cancer 
o Stomach cancer 
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o Oesophageal cancer 
o Cancer not mentioned above 
o None of the above 
o Do not know 
o Prefer not to answer 
 
ADMIN02
5 
Are you taking any over-the-counter medication or prescription medicines regularly? For example, 
daily, weekly, monthly or every few months such as depot injections? 
o None 
o Drugs: [?] 
o Prefer not to answer 
 
BloodPre-
ssure01 
Do you have Arteriovenous Fistula (AVF) (Left, Right, Bilarteral, if so please use the correct arm or 
lower proximity)? 
o No 
o Yes 
 
BloodPre-
ssure02 
Have you had breast surgery with lymph nodes removed or trauma resulting to swelling of your arm 
(lymphoedema)? 
o No 
o Yes 
 
BloodPre-
ssure03 
Have you smoked, exercised or had any caffeinated products in the last 30 minutes? 
o No 
o Yes 
 
Bloods01 Is the participant a haemophillicac (suffer from a blood clotting disorder)? 
o No 
o Yes 
 
Bloods05 When was the last time you ate or drank anything except plain water? 
o Date time date [day/ month/ year] time hours [?] and minutes [?] 
 
 
Blood06 Have you had breast surgery with lymph nodes removed or trauma resulting to swelling of your arm 
(lymphedema)  
o No 
o Yes 
 
STANDING
HEIGHT1 
Do you suffer with neck problems (fracture or cervical joint problem), extra curvature of spine or 
condition preventing you to stretch properly – Note: staff member must ask permission to slightly 
stretch participant’s head by placing a hand behind the neck. 
o No 
o Yes 
 
WEIGHT2 Do you have a cardiac pacemaker? 
o No 
o Yes 
 
WEIGHT8 Do you have any metallic implants or joint replacements? 
o No 
o Yes 
 
 
IDXA01 
 
 
Do you have any metallic implants or joint replacements? 
o No 
o Yes 
 
IDXA02 Did you have a contrast media radiological examination or nuclear scan within the last week? 
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o No 
o Yes 
 
ADMIN03
1 
Are you or do you think you may be pregnant? 
o No 
o Yes 
 
ADMIN03
2 
Was your last menstrual period within the last 10 days? 
o No 
o Yes 
 
ADMIN03
3 
You are taking the oral contraceptive pills and have not missed a pill in the last month? 
o No 
o Yes 
 
ADMIN03
4 
Do you have an implanted contraceptive (eg. Hormone implants, intrauterine coil)? 
o No 
o Yes 
 
ADMIN03
5 
You have not had your period for at least the last two years due to a medical condition or medical 
treatment (eg. Chemotherapy)? 
o No 
o Yes 
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Appendix V 
 
 Current study ethics approval letters. 
A) The ethics approval letter for 2012-2013. 
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B) The ethics approval letter for 2013-2014. 
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C) The ethics approval letter for 2015. 
 
 
 
 
